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The Petrology of the Norra Karr District.: 
An Occurrence of Alkaline Rocks in Southern Sweden. 
By 


OLGE JuNGstTEDT ADAMSON. 


CONTENTS: 


Page 

1 LISS LUSTRE a SRR Ae te ts) Ss 2 es Paes RN ne 114 
UTA I SyURCLE ARINC EU RI COTES fay 5s 0c ei tcl cia we gore Sm vie + + 0,50) bie @ wis alateliats mnrene 117 
III. General Geology of the Norra Karr District and its Environs ........... 119 
ie Desterpmion ee the eAlkaline HOeks 2.162666 eece vujstniewe doce ce ee ee aes 122 
RenD Neen NAMEME VERS. RXTOMMAIGCs ai cco ce hoe wots eee eves Hasinm emene cls 122 

MU Ee tte PRMENMRB TOSS 9 Octal ete f2 a /-a0e 6.5 0 035700. 2 sleseini's.e oi stele 8/0) 8,021 8 8" 8 ce. ha) winte 123 

Fe nMetieran MIGHOIIION 2.2 .))c ce he rece ince nee ne nese secnsess 127 

Pere MeeNeRsp ee! ETOP oo ones cee ae stant lege tien 7 cies ovehe im mie winners 127 

| LICL Aedrtakc 53 OR dp SiGe boc citic one menos DARoMoin sini: 134 

OGG RAB 68 0 00 Ob DUS OOUROOL Eccn tama omean Coo o od t 135 

DLC S GE RR ac an erie icine aoe co oa ae emer mrres Or claire 136 

LO ICE oie 0 erie Go. Gne 6 Hol oan a Ssidiolibio peiisomeng onionsigc. cic 139 

ROTTS TIRE Go nc nse co Orne On gS ire cata lie icas cheer icra oe ara 140 

c. Petrographical Character ........----seeeee eect eee e ree teen e tes 141 

d. Chemical Composition .........5..522ccce sere eevee et tenes es 145 

e. Marginal Facies of Grennaite ........... secre cece ener e tees 148 

f. Pegmatitic Schlieren of Grennaitic Composition .........+..-+++++: 150 

PE TIIOROCINIROCHG Hels ieee case cs cae cle cece ees ce ceser sence rset nesses 167 
ee denice eee ane 168 
Peal OBErVEtIOUS wclacla dele isso lec we Sie coe leo we caw ors a eee oa eles 169 

b. Mineral Description. ..........-.. esse ee reece teeter rece ecees 173 

The Meldspar Group 2... 0.26 esse cece cnt e reese enesse casas 173 

SII on a plo enti og sw Motes Sev nyisin nae Ae oe ais einentlen gs Ts 175 

ie ete TSCNRR GCM oo icesy.c bya ece, ye oan ©», ileus) wlan ev elie ot @yepeiiegs.io, cueuai cians 175 

PEI CINOTEEE SUIS. itd le ahs sed cio fueled alae vnicinlelelovsloie's anes elena ehelealy 176 

OS pre err ro 177 

RTT Re hc chy Faiels oo yo ose soe ni nee eS uwrenooeus® 177 

LETRA CD arta ec rarateta,n 'astebecslslsta seis of ecohe aloes aho.ole sis) ais) 3s 177 

Re ele tances sya tives Parorchel eae oe. faye ofie aft ole rena hye 
Wnidentified Mineral .......0.0cejeccerccee errr teens none cesece 178 


1 Till tryckning av denna uppsats har bidrag erhallits fran Kungl. Boktryckeriet 
iP. A. Norstedt & Séner samt fran Stiftelsen Lars Johan Hiertas Minne. 


8—440060. G.I. F. 1944. 


114 OLGE JUNGSTEDT ADAMSON. [Mars—April 1944 


c. Petrographical Character .......+eeeereereeereeererereeeesecs 
d. Chemical Composition .........0+ceee cence rere cere eeeeerenees 


2 Prlagkite sick BS abby oo ce 8 O68 T vlere ole Ag Nae heel eee aie ee 
a. Field Observations ..5... i208 b000 clvws np me nh nmnilees eee sae 


b. Mineral Description ...........20eceseeeecnseecercreeernnsans 
The Feldspar Group .....-.-+eeeeeeeee creer eerreccerttnees 
Nepheling\...% c.ilties qewveee oe mn 5400 p umlar aa mieeie dis <= eae 
Aogirite 02. vee sie vise vena tis oslstoues «vinnie aides 4 aie edie 
Amphibolé ........c0csreccescccsaceescersuasvunsics se cage 
Bigtito.<jsigcc aa oe's «np ble + ds ile otal ateleed alee eieteee ai ema 
Riosenbuschite’:. .2 ar fet cs «a5 sae eee bas oe cee te 
Mitanite id iec soe sale « o'd-avev so cupiatan a alma alae peters aint ea 
PM WOrtte hei cba Gia are curative « asals Poke dae oe le » aera ela La 
Apatite...) aeleis io tole 0.8 eleieisin ole Bis = ale alee olen steels 9 Biya 


c. Petrographical Character .......-.-+eeceecceccccsccsscsssece 
d.. Chemical Composition |... 5.256102 a0 01 «s0n¢ eet achiral eee 


3. The Kaxtorpite Group <2 2% 2\sc% sc miisls «cm nin aces omaiee oe 
A. ield. Observations cr)s%< cje.0stecs acte o'e aie oe delsie nua a, 2 cal eee 


be Mineral Desoriptiont..5.%.. sas ade cles <n. doe 2 =e sie ae 
‘The. Feldspar: \Groupixe sc s-m-l omieeis oe = «re trae eee 
Nepholime: oj.) icte castles «atotartietels am so lw otic st nie ke a 
Hokermantiite aie. ste..cic.0is etotn/eleein! <x xii ec a: ther apes atie aaa ee 
ROBITIEG 5. <a stele c aie sel eupiclens W's «aia «as 9 9 oe wee a Sale eteeca 
Pectolite «ois. yrs sete cutie Salem © lg orl ae the eke ore el 


Apatite ooneae siesta oye fevale oica'a se niadeels Seeaiee ieee aed ee 
BNW OTIEE: ie. scahevars Seqistacate,.ny 5 ma. '0. 65 a a's ose, eet ek wc 


ce. Petrographical Character) «ov... 5.0:<:\«/ac <jniupieieeces Sie ieee ae 
d.; ‘Chemical ‘Compositi@ny ac <r.s:. 4 » orsae a see ri 


Vaetenitization of the Surrounding Granite .. >... ....< - scl « aenuieres ieee 


Val iRelationship of thes IOGKS?. a. - « «ic’e-- <i» ¢ ayo'e's cai saete ee note ee erent ee 
Ie Cheroical Relationship) ici.s-. x's <<. shes « ciel ie ors ea ple inieeeane ait eae 
25 Mineralogical Kelationship . <<. « <6 os <«s/ain eee omic seca ee 
VIE-e Discussions of the Observations: ...)..). ..«/a:c1)s se se ote oats eee eee 
Pe Geologicnl ObservatiOns Gino tele si ~ vases ceicieeete terete oieie tele aie 
2.) Petrological Observations: %0%-.<<<<<s:< 5 01s miehiesisieris extrac ee 


VIII. Age of the Norra Karr District 


See MCR e MOCO Oe Wwe ew wes 6 eure 6 Se 8 ene wane 


I. Introduction. 


The Norra Karr district was discovered by Professor A. E. Térnebohm > 
and in quite a peculiar way. While examining some hand specimens 
collected by an assistant geologist of the Swedish Geological Survey, 
his attention was called to a very fine-grained grayish green rock »som 
ej] liknade nagon forut bekant svensk férekomst» (Térnebohm, 1906, 
p- 3). He had thin sections made and found the rock to be nepheline- 
bearing. He further identified the rare zirconium silicates eudialyte and 


1 Tn translation: »not similiar to any previously known Swedish occurrence». 
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katapleite. The rock was named katapleite-syenite by Térnebohm. 
The circumstance that Térnebohm from a multitude of hand specimens 
picked out for closer investigation this rock, which has an altogether 
unremarkable appearance, is a good example of his famous intuition 
which, combined with his perhaps unequalled knowledge of Swedish 
rocks, led to so many remarkable results. 

Subsequent field investigations showed that the grayish green rock 
occupied the greater part of a small area which also contained a series of 
other alkaline rocks. Térnebohm gave a review of the main geological 
features of the district together with a short description of the rocks 
(Térnebohm, 1906). A small sketch map was also reproduced. The publi- 
cation further contained a number of chemical analyses carried out by 
the prominent mineral chemist R. Mauzelius.. Advantage was not taken, 
however, of the analytical results, the analyses being quoted without 
any discussion of their bearing upon petrological problems. 

Tornebohm himself emphasized that his work did not pretend to be a 
complete investigation of the district, either with respect to the field 
work or to the petrographical descriptions. »... dess narmaste anda- 
mal var blott att astadkomma den allminna utredning af forekomstens 
geologiska och petrografiska forhallanden, som erfordrades for traktens 
under utgifning varande geologiska kartblad.»' Some of the minerals 
are, however, described in great detail. | wish to express my admiration 
for Térnebohms skilful and accurate microscopical work. If in a few 
cases I can hope to have improved upon it, this is only due to the de- 
velopment of petrographical methods of investigation since Térnebohm’s 
paper appeared, in the first place the introduction of the immersion 
method and the universal stage. 

Most occurrences of alkaline rocks in Fennoscandia are more com- 
pletely described than was the Norra Karr district. Two of them, viz. 
the Alné and Fen districts, are already even the object of revisional 
work. The fact that revisions in these cases have proved to be necessary 
nly a few decades after the pioneer work was done, is by no means due 
to any defects in the geological and petrographical descriptions, which, 
indeed, were brilliant in both cases (Hégbom 1895, Brégger 1921). It 
is rather due to the development in our knowledge of the nature of 
Ikaline rocks and to the introduction of new viewpoints concerning: 
heir mode of origin, which involves that the previous interpretation, 
f the observations has to be reconsidered. 
When I now present the results of my investigation of the Norra Karr. 


1 In translation: ». . . its foremost purpose was only to obtain a general survey of ae 
eological and petrographical nature of the occurrence, as far as was necessary for the 
eological sheet covering the region, which was then in the course of publication.» 
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district, it is hoped that a revision thereof will not be found necessary 
in too short a time. A conception of the genesis of the Norra Karr rocks 
must necessarily be rather speculative, since geological evidence con- 
cerning their interrelation is very scanty. The conclusion arrived at 
appears however to have a greater degree of probability than other 
hypotheses considered by the writer. It has been attempted to describe 
the observations without colouring the description by preconceived 
opinions in order to make them as applicable as possible to hypotheses 
other than that advocated in this paper. ; 

I visited the Norra Karr district for the first time in May 1942. The 
mapping was then carried out on a scale 1; 4000. After microscopical 
examination of the material collected, I paid a further visit to the field 
in August of the same year. I visited the district again in June 1943 for 
complementary work. The petrological study of the rocks was started 
in January 1942 (on material belonging to the Mineralogical Institute 
of Stockholms Hégskola) and carried on almost continually, only inter- 
rupted by occasional consulting work. The results given in this paper 
are based upon field observations, examination of some 300 thin sec- 
tions, 12 chemical rock analyses of which 9 are new and 8 complete. 
mineral analyses of which 1 is new (the others are previously published ; 
in Térnebohm’s paper) together with some partial chemical and spectro- — 
graphical analyses. ¥ 

The mineral analyses are interpreted in terms of the crystal structure 
of each mineral. [See Berman (1937) and Strunz (1941).] For this pur- — 
pose the analyses are calculated so as to express the atomic relations. — 
The method of treating the analyses is demonstrated under eckerman-_ 
nite, the composition of this mineral being among the most complex 
dealt with in this paper. Here it need only be mentioned that in each 
analysis the oxides are presented in order of increasing ionic radius of 
the metals in order to make it easier to group replaceable atoms together 
in the formuia. 

Concerning the determination of the optical properties of the minerals, 
it may be mentioned that the indices of refraction were determined by 
the immersion method. Unless otherwise stated + 0.003 is the accuracy 
of the measurements given in this paper, the set of immersion liquids 
employed having an interval of 0.005 between successive liquids. The 
possible error is specially indicated when it must be considered as sur- 
passing this value, as for example in minerals with so strong an absorp- 
tion that it has proved impossible to enclose the index to be determined 
between two successive liquids. ‘ 

The axial angles were measured on the universal stage. All optical 
constants were measured in sodium light. 
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In calculating the normative composition of the rocks and when 
working out the mineral analyses, von Eckermann’s tables of molecular 
proportions have been used (1925). The mode of the rocks has been 
determined according to the Rosiwal method with an integration stage. 


Concerning the use of symbols in referring to optical properties I 
have followed Larsen and Berman (1934). In the spelling of mineral 
names I have likewise followed this work with one exception, namely 
katapleite, which Larsen and Berman spelt with c as in most 
mineralogical literature written in English. The name was, however, 
derived from the Greek words xata and zie (Weibye, 1850, p. 300), 
and should consequently be spelt with k. 

The spelling nepheline is preferred to nephelite in ac- 
cordance with a report of the committee on nomenclature of the Mine- 
ralogical Society of America (Kerr, 1936, p. 191). 


Il. Situation and Physiography. 


The Norra Karr district is situated on the eastern side of the great 
lake Vittern on the border between the provinces of Smaland and 
Ostergotland, about 1*/, km from the shore. The exact geographical 
position is 58° 06’ N. lat. and 14° 40’ E. long. (from Greenwich). The 
whole district covers only some 0.3 square km. The form is oval with a 
greatest extension of 1200 metres in a north-south direction, and a 
maximum width of 400 metres. Most of the district lies inside Smaland, 
the northern part of it extending about 200 metres into Ostergdtland. 
The greater part of the district is embraced by the farm Norra Ka&rr,* 
only a northern part belonging to the farm Lakarp and a southern part 
to the farm Kaxtorp. 

The district forms a depression of a few metres depth in the surroun- 
ding Archean country. It has its maximum elevation in the north and 
slopes gently to the south. The difference in level between the highest 
and the lowest points hardly exceeds 20 metres. The average height 
above sea level is some 200 metres. The landscape consists of low birch- 
covered hills lying among small uneven fields and meadows interspersed 
with bogs and fir forest growth. In the northern part of the district 
bogs alternate with hills; in the central parts fields and meadows domi- 
nate, whereas in the south it is mostly fir forest and cultivated mire. 


1 Outside the district in a westerly direction lies a farm which is also called Norra 
Karr. To avoid confusion only the farm situated inside the alkaline district will be referred 
to as the Norra Karr farm. For the same reason the other farm is not designated by name 


on the accompanying map. 
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Along the eastern border runs a small watercourse, which, however, is 
dry in summertime as it is fed by boggy ground. The cultivated part 
is cut by a system of ditches, some of which contain an abundance of 
boulders from the underlying bed rock brought to the surface by the 
seasonal thawing. 
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Fig. 1. Situation of the Norra Karr district. 


The outcrops are most numerous in the northern half of the district, 
though they are not frequent even here. Solid rock is almost exclusively 
found on the top and the side of the small hills. Extensive exposures 
do not occur. By removing the moss, however, it is often possible to 
disclose the rock surface for some distance. 

As to communications it may be mentioned that the stretch from the +] 
farm of Kaxtorp to the farm of Norra Kiirr is passable by motor car as — 
is the east—west track bordering the district to the south. The other 
passages marked on the map are only little better than horse-tracks. 
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Ill. General Geology of the Norra Kirr District and its Environs. 


The Norra Karr district constitutes an alien geological body inside 
the Archean of southern Sweden, which in this part of the country is 
represented by a biotite granite known by Swedish geologists as Red 
Vaxié granite. Along Viittern it has a marked cataclastic schistosity in 
a north—south direction, but is elsewhere massive. It is generally 
coarse-grained but may in part be more fine-grained. The colour is due 
to a reddish microcline which sometimes may increase in magnitude to 
give the rock a somewhat porphyritic appearance. 

Under the microscope it is seen that the granite consists of quartz, 
microcline perthite, plagioclase and biotite as main minerals, and 
magnetite, apatite, zircon and titanite as accessories. The microcline is 
perfectly fresh and shows the crosshatched twinning texture so charac- 
teristic of this mineral. The perthitic albite forms bands of 0.1—0.2 mm 
width and up to 3 mm length. It is always more or less turbid (due to 
sericitization). The largest bands show polysynthetic albite twins 
whereas in the smaller bands no twinning can be seen. The isolated 
plagioclase grains which occur to a much smaller extent than the micro- 
cline perthite also shows polysynthetic twinning according to the albite 
law. The plagioclase may, however, show so strong turbidization that 
the twinning cannot always be seen. The maximum extinction angle in 
the symmetric zone is 13°, corresponding to a composition Abe Ati: 
Biotite is a constant but not very abundant constituent. It shows a 
marked pleochroism from dark straw yellow to grass green colour. 
Parts of the biotite may be altered to chlorite and epidote. Biotite 
is generally the only dark main mineral but amphibole occurs occa- 
sionally. 

The schistose variety of the Vaxid granite occurring in the country 
along Vattern shows microscopic evidence of cataclastic structure 
such as strong undulation of the quartz and strain shadows in the 
microcline. 

The chemical analysis of the Red Vaxi6 granite given in Table 1 is 
quoted from Axel Gavelin’s description to the sheet Tranas (1912 a, 
p. 16). The rock is very poor in magnesium which corresponds to the 
fact that it contains no pyroxene. The normative femic constituents are 
all accounted for by biotite and accessory minerals. Otherwise this 
granite has no peculiar chemical features. ; 

In a distance up to about 100 metres from the contact with the Norra 
Karr district the Vaxid granite is transformed into syenitic and quartz- 
syenitic rocks, which, however, are structurally so similar to the unalter- 
ed granite that it is difficult to distinguish them in the field. The Norra 
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Table 1. 


Analysis of Red Vaxié granite, from Rasmate in Saby parish, situated 20 
km in a southeasterly direction from Norra Karr (Gavelin 1912 a, p. 16). 


Analyst: R. Mauzelius. 


a 
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Karr district is entirely enclosed by this rock, no alkaline dikes trans- 
versing the surrounding rock having been discovered. Starting from 
the southwestern corner the border line runs approximately north— 
south for 800 metres, describes a 300 metres arc to the east and con- 
tinues 100 metres further to the north, whence it abruptly inclines east- 
ward for about 200 metres. From this northeastern end of the district 
the borderline runs in a southerly direction for 600 metres, bends some- 
what to the west and then closes the district with a curve. Thus the 
district is elongated in a north — south direction, parallel to the 
schistosity of the surrounding granite. The actual contact can only 
be studied at a couple of localities but the outcrops in the border zone 
generally lie close enough to allow a fixing of the border with an 
accuracy of 10 to 15 metres. 

An aphanitic grayish green nepheline-bearing rock, generally con- 
taining katapleite and eudialyte, can be estimated to constitute more 
than 90 per cent of the whole alkaline district judging from the ex- 
posures. This main rock of the district stands in sharp contrast to the 


Vaxi6 granite and its alteration products and is exposed all along the 
margin of the district. 


The main rock is generally more or less schistose; seldom quite massive. 
The schistosity conforms with the contact against the granite as ha 
already been pointed out by Backlund (1932, p- 8) and von Eckerma 
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(1942, p. 453). However, owing to the elongated form of the district, 
the conformity is not always obvious. Along the sides of the oval district 
the schistosity will be parallel to that of the granite, a circumstance 
which made Gavelin (1912 b, p. 30) assume that the schistosity of the 
alkaline district was secondary and probably due to the same regional 
movement which had deformed the granite. A closer study reveals 
however that the structure at both ends of the district does not follow 
the schistosity of the granite, on the contrary it may go in a direction at 
right angles to this. The conformity with respect to the boundary may 
be studied particularly well in the southwestern corner of the district 
where the gradual bow of the structure can be followed from metre to 
metre. It is thus probable that the structure is primary protoclastic 
and consequently has no connection with the secondary cataclastic 
schistosity of the Vaxi6 granite. This circumstance has a bearing upon 
the problem of the age of the Norra Karr district which will be consi- 
dered in another chapter. 

The general geological structure of the Norra Karr district can be 
studied in the accompanying map. Besides the dominant aphanitic 
rock, the district contains a series of alkaline rocks occurring as inclu- 
sions. Common to all of them and texturally distinguishing them from 
the main rock is a phanerocrystalline development. Their mode of 
occurrence, which will be discussed under the description of the respec- 
tive rocks, strongly suggests that they are older than the main rock. 
Térnebohm (1906, p. 18), not having access to chemical analyses, treated 
all of them as a group under the name lakarpite though he was fully 
aware of their different petrographical character: »Afsikten med anvan- 
dandet af den foreslagna termen Ar icke att infora ett nytt petrografiskt 
namn, ty de forekomster som den afser, kunna — oaktadt deras uppen- 
bara genetiska samhérighet — ej ritt vil bringas in under en gemensam 
petrografisk definition, utan meningen Ar blott att for tillfallet fa ett 
bekvimt gemensamt uttryck fér de egendomliga ’dioritiska’ bergarter, 
som skola beskrifvas.»' Further investigation showed that a subdivision 
of this group was necessary, and thus the term lakarpite in Térnebohm’s 
sense had to be eliminated. It proved impossible to find old petro- 
graphical names which would distinguish all these peculiar rocks, and 
as it was too inconvenient to refer to them in terms of their mineral 
components, there was no alternative but to invent new names. It 
should, however, be emphasized that it is not intended to charge petro- 


1 »The intention in using the term proposed is not to invent a new peprograph oe 
name, because the occurrences it refers to cannot be covered by a common petrographica 
definition in spite of their evident genetical connection. The meaning is only to ee 
convenient common expression for the peculiar »dioritic» rocks to be described, for the 
time being.» ; ' 

The word vdioritiska» (dioritic) is put in quotation marks by the present author. 


} 
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graphical nomenclature with new terms. Ut would indeed be imprude 
to suggest a new term only represented by a few hundred squa: 
metres of rock. The names should only be regarded as »convenier 
words by which various rocks in an area may be distinguished» (5 
hannsen 1938, IV, p. V). These names are based upon a descripti 
and not a definition, which implies that they should not be used for | 
rocks outside the Norra Karr district unless they are altogether | 
identical. The essential mineral compounds presented in brackets after | 
each rock name may serve as a characterization of the rocks. 

I have retained the term lakarpite for the rock whose main occurrence |! 
is situated on the farm Lakarp. 


~ en 


IV. Description of the Alkaline Rocks. 


A The Main Roe Gime nia , 


; 


The main rock of the district was referred to by Térnebohm (1906, . 
p- 5) as katapleite syenite. This term however is not a proper designation i 
and that for two reasons. In the first place: The term syenite in itself | 
involves a phanerocrystalline texture, whereas the rock in question has : 
an aphanitic groundmass. In the second place: Eudialyte is as charae-- 
teristic a constituent of the rock as katapleite and moreover katapleite : 
is not invariably present. 

A microscopical examination of the rock shows the presence of the: 
following minerals: alkali fledspar, nepheline, aegirite, eudialyte, 
katapleite and natrolite, of which the five first mentioned are regular | 
constituents whereas natrolite has a more accidental mode of occurrence. 
Katapleite only occurr as phenocrysts and has euhedral forms. The: 
texture of the groundmass can best be characterized as xenomorphic 
granular, the constituent minerals having anhedral to subhedral boun-. 
daries. ' 

The rock can be divided into several types according to the total 
and relative abundance of eudialyte and katapleite and to the develop- 
ment of these minerals. Dependent upon whether the rock is vorphyill 


or not, two main types can be distinguished, which after a microscopical 
study can be further subdivided: : 


(eudialyte—katapleite—micro—nepheline—syenite). 


1. Porphyritic, with phenocrysts of the zirconium silicates eudialvt 
and katapleite. 


1. With much zirconium (phenocrysts of katapleite, and eudialyte 
in the groundmass). 
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2. With less zirconium (phenocrysts of eudialyte, and eudialyte in 
the groundmass.) 


iT. Nonporphyritic, without phenocrysts either of katapleite or eudia- 
lyte. 
1. With a certain zirconium content (eudialyte in the groundmass). 
2. Zirconium free (no zirconium silicates), 
The most abundant type is I 1, which has phenocrysts of katapleite 
ind so much eudialyte in the groundmass that it may quantitatively 
lominate over katapleite. This type with all transitions is connected 
vith the types which contain no katapleite. Only in some places is the 
ock completely devoid of both katapleite and eudialyte. For geological 
asons the different types must be treated in common. They appear 
s a geological unity of rocks, the components of which have been formed 
imultaneously under the same physical and approximately the same 
hemical circumstances, only differing in the zirconium concentration. 
or field work it is therefore necessary to have one term comprising all 
ypes and as such I have used the term grennaite, after the small 
wn of Griinna (Grenna), situated some 10 kilometres from Norra Karr. 


a. Field Observations. 


Grennaite with phenocrysts of katapleite constitutes more than 70 
er cent of all outcrops in the district. On a fresh surface the katapleite 
rystals are difficult to detect. 
hey have a grayish white colour 
hich causes them almost to 
isappear in the grayish green 
oundmass. On a_ weathered 
ace, however, the katapleite 
henocrysts can be seen at several 
etres distance. The groundmass 
en has a dirty green colour 
hich is in sharp contrast with 
e white weathering product of 
e katapleite. Katapleite also 
ows a somewhat greater resist- 
ce to weathering than the 
oundmass and therefore has a 
rtain relief in relation to it. Fig. 2. Grennaite with needlelike pheno- 
“The katapleite crystals are  crysts of katapleite. Weathered surface. 


i She Natural size. (Reproduced from Térnebohm, 
bject to great variations both 1906, p. 5.) 
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ee 


Fig. 3. Grennaite with large katapleite laths. Weathered surface. Natural size. 
(Reproduced from Térnebohm, 1906, p. 6.) 


as to their size and their abundance. They vary from 2 mm long 
needles to laths 20—30 mm in length (Figs. 2 and 3). Then 
abundance is inversely proportional to the size. When they are needle- 
like the rock is crowded with them, whereas the largest crystals occu 
several centimetres apart. Common to all of them is a pronounced 
euhedral development. 

The frequency of the different katapleite-bearing grennaite varieties 
may be studied in the accompanying map, the magnitude of the dashe: 
indicating the magnitude of the katapleite phenocrysts. Katapleit 
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aths of medium length — about 10 mm — are most common. Grennaite 
vith needlelike katapleite crystals is the most rare variety. 
Grennaite with phenocrysts of eudialyte (Fig. 4) is only observed at 
our localities, all of them situated along the border of the district 
ut here they occupy a considerable area. In contrast to katapleite 
the eudialyte phenocrysts are easily detected on a fresh surface, having 


Fig. 4. Grennaite with phenocrysts of eudialyte. Fresh surface. Natural size. 
(Reproduced from Térnebohm, 1906, p. 8.) 


bright rose colour. On a weathered surface, however, no eudialyte 
ndividuals can be seen. They are more easily weathered than the 
oundmass, so that their former positions are marked by cavities in 
he rock. The form of the eudialyte phenocrysts is approximately 
pheroidal or ellipsoidal and they may have diameters from 5 to 20 mm. 
Transitional types between grennaite with phenocrysts of katapleite 
nd grennaite with phenocrysts of eudialyte contain both katapleite and 
udialyte phenocrysts. It is remarkable that the katapleite crystals in 
his case do not have their usual euhedral development but have oval 
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forms like the eudialyte crystals. In this grennaite type phenocryst 
having cores of katapleite and mantles of eudialyte are sometimes seen, | 
Composite crystals showing the reverse relation i.e. core of eudialyte | 
with katapleite mantle are never observed. 

Grennaite without phenocrysts either of katapleite or eudialyte | 
occupies only small areas of a few square metres extension. This type | 
occurs always in connection with grennaite containing phenocrysts of 
eudialyte. It has an appearance similar to the groundmass of the other 
grennaite types. The groundmass is so fine-grained that none of the 
minerals can be distinguished with the naked eye. 


NE 


Fig. 5. Strongly schistose grennaite with light streaks consisting essentially of kataplei 


Fresh surface. Natural size. (Reproduced from Térnebohm, 1906, p. 7.) 


The colour of grennaite is generally grayish green but is more reddis 
in the type containing eudialyte phenocrysts. There is every degree 
of transition between the extreme colours. Common for all types of gren- 
naite are sporadically distributed phenocrysts of feldspar. They are 
rather inconspicuous and are first detected by closer inspection of th: 
rock. They are seldom larger than 2—3 mm across and are without 
crystallographic boundaries. 

The schistosity of the grennaite is not equally easily recognized in 
the different types. On account of their lath-like shape the kataplei 
phenocrysts greatly contribute to setting off the structure of the rock, 
the largest diameter of the crystal being oriented parallel to the schis- 
tosity. When no phenocrysts are present it may be difficult to decide » 
whether the rock is massive or schistose. In some places the katapleite 


2 
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henocrysts have been broken up and the katapleite substance forms, 
treaks throughout the rock (Fig. 5). 


b. Mineral Description. 


The Feldspar Group. The main component of the ground- 
nass is feldspar. The individuals show vo twinning, so it is difficult to 
letermine their character by the usual optical methods. Chemical 
nalyses have, however, shown that they belong to the anorthoclase 
roup of alkali feldspars. Some sporadically distributed phenocrysts. 
Iso consist of feldspar, as previously mentioned. According to optical 
roperties they are albite and microcline. . 


Chemical analyses of the feldspar were carried out by R. Mauzelius. 
appears from statements by Térnebohm (1906, pp. 7, 17) the feldspar 
as isolated in the following way: Nepheline and natrolite were first: 
tracted from the grennaite by treatment with hydrochloric acid. The 
Idspar was then separated from aegirite, katapleite and eudialyte by 
eavy liquids. 

The material thus obtained consisted of all feldspar in the grennaite, 
oth the feldspar of the groundmass and that of the phenocrysts. In 
antity the latter only plays a subordinate role. Térnebohm (p. 7) 
rote (in translation): »By isolation from the pulverised rock the main 
rt of the feldspar was found to have a specific gravity between 2.58 
d 2.618. Of this two fractions were taken, one with specific gravity 
58—2.60, the other with specific gravity 2.607—2.618, Alkali deter- 
inations proved that the first fraction (by far the smaller one) con- 
ined Na,O0: 5.47%, K,0: 8.99%, and the second Na,O: 8.91 %, 
20: 4.01%». There is nothing to indicate that the feldspar of the 
oundmass is inhomogeneous. Therefore, in all probability, the frac- 
onation of the feldspar material is due to the feldspar phenocrysts. 
should here be mentioned in advance that many of the phenocrysts. 
e composed of both microcline and albite. Microcline, having the 
allest specific gravity of these feldspars, will be found in the first 
action. The comparatively high sodium content of this fraction 1s 
lieved to be due to grains derived from the composite feldspar pheno- 
sts, the components of which have not been completely separated 
the pulverisation of the rock. The heavier fraction will contain all 
e feldspar of the groundmass and possibly albite from the pheno- 
ysts. Allowing a small correction for the possible presence of albite, 
is analysis Na,O: 8.91, K,O: 4.01 can be considered to represent the 
ntent of alkalis in the groundmass feldspar. 
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The composition of the heavier fraction can be calculated on t 
basis of these detefminations: 


SrO eit. tea ee. Ree 67.40 Weight% 

UO se Reed sien Peas See eee 19.04 » , 
NasOvaks . is te 8.91 » t 
a a Pe ee A 4.01 » 


99.36 Weight% 

1t is seen to be a very pure alkali feldspar. The analysis corresponds 
with a feldspar composed of 75.3 % Naf and 23.7 % Kf It is thus an- 
orthoclase according to the common conception of this term (Alling, 
1921, p. 233). 

All feldspar grains of the groundmass are perfectly fresh. The vari- 
ation in refractive indices of different grains do not exceed the limits 
of error of the immersion method. The indices of refraction were found 


to be: : 
a: 1.523 > 
B: 1.528 : 
y: 1.530 
The axial angle is 2 Va = 46°. 


The phenocrysts of feldspar evidently belong to the same generation 
as the feldspar of the groundmass. With a few exceptions they show 
no tendency to euhedral development. They are small, only about 2 mm - 
across, and there are seldom more than two or three in each thin section. | 
Many thin sections are completely devoid of feldspar phenocrysts. 

Some phenocrysts are homogeneous and consist of microcline with — 
the usual crosshatched twinning texture of this mineral, or of albite : 
generally polysynthetically twinned after the albite law. Many pheno-- 
crysts have, however, a complex texture. Some phenocrysts have a | 
core of albite and a mantle of microcline, sometimes surrounded with 
another mantle of albite. Other phenocrysts have a core of microc ine 
and a mantle of albite, sometimes surrounded with another mantle ot 
microcline. The distribution of these two types of phenocrysts in th 
rock is quite fortuitous. A zone nearly always had a corroding effect | 
upon the one lying within it. In spite of the corrosion the original 
euhedral boundaries of the core can generally be distinguished. The 
different zones of a phenocryst always have the same orientation, and 
in the two zones of soda feldspar or the two zones of potash feldspar 
the indicatrix has the same position. 


C 


1 The symbols Kf and Naf are preferred to Or and Ab generally used because Or and | 
Ab mentally stand for definite mineral phases, such as orthoclase, that may not exist 
in the combination considered». (Andersen, 1929, p. 145.) : 
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An oriented intergrowth of two feldspar components is generally 


alled perthite. However, the texture just mentioned differs from 
verything which has hitherto been described as perthitic intergrowth 
nd it may be doubted whether it is justifiable to apply the term in this 
ase. I prefer to describe it as zonal intergrowth of soda- and potash- 


eI 
Race | 
Mes a este TA) 


- 6. Composite feldspar phenocryst in grennaite. (Bounded by heavy lines.) A core 

twinned albite (white) is strongly resorbed by potash feldspar (long dashes) which 
urrounded by an outer layer of albite (white). The phenocryst is corroded by the 
undmass, in the upper half of the picture even isolating a part of the phenocryst, 
F: anorthoclase, N: nepheline, Ae: aegirite, Eu: eudialyte. Magnification: c. 35. 


par. The peculiar character of the texture may be illustrated by 
ew examples: 

. A phenocryst of oval form has a maximum diameter of about 
(Fig. 6). At some places the granular groundmass has grown into 
but in the main the border against the groundmass is rather sharp. 
e phenocryst consists of three zones: an inner one of albite, surrounded 


—4+40060. G. F. F. 1944. 
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by potash feldspar, which in turr is surrounded by albite. There is 
twinning seen in any of them. Examination in convergent light reveals : 
that the potash feldspar is in optical continuity with the albite zon 
The phenocryst is cut approximately perpendicular to an optical a: B 
and all three zones give the same interference figure, an 1sogyre curv 


' 
’ 


ge gates 


Fig. 7. Composite feldspar phenocryst in grennaite. (Bounded by heavy lines.) The core 
consists of polysynthetically twinned albite surrounded by successive layers of potash 
feldspar and untwinned albite. Key as Fig. 6. Magnification: c. 35. ‘ 


so as to indicate an axial angle of about 70° for the albite and 60° for the 
potash feldspar. Whether the potash feldspar is microcline or orthoclase 
cannot be established, but it is most probably microcline, since this i 
the case in all phenocrysts where it has been possible to identify the 
character of the potash feldspar. ‘| 

The core of albite has been strongly resorbed by the potash feldspar. 
its original outline can however be clearly distinguished. It has crystalk 
ized as a perfectly euhedral individual of rectangular shape. The sut 
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rounding microcline is only subhedral, baving the form of a somewhat 
irregular oval. The outer zone of albite has had no perceptible resorbing 
effect upon it. This albite zone has quite anhedral boundaries. It is so 


resorbed by the groundmass that a part of it has been detached from 
the main crystal. 


Imm 


ig. 8. Composite feldspar phenocryst in grennaite. A core of untwinned potash feldspar 
is resorbed by surrounding albite with polysynthetical albite twins. Key as Figs. 6 and 7. 
Magnification: c. 35. 


2. A phenocryst of one mir length (Fig. 7) has a core of aibite with 
ultiple albite twins surrounded by untwinned potash feldspar which 
gain is surrounded by albite with the same orientation as the first 
entioned but without albite twins. The shorter direction of the albite 
ore runs parallel to the twinning. Both ends are straight but the sides 
ave the form of irregular steps. The surrounding potash feldspar only 
ncloses */, of the albite core. It has had an insignificant resorbing effect 
pon the albite. The outer zone of albite is strongly resorbed by the 
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groundmass, this for the greater part being in direct contact with the 
potash feldspar zone. 

3. Another phenocryst (Fig. 8) consists of two zones only. It has a 
core of untwinned potash feldspar, euhedrally bounded. The albite 
enclosing it is polysynthetically twinned after the albite law. The 
twinning is parallel to the shorter side of the phenocryst. The albite has” 
resorbed the potash feldspar mainly in a direction parallel to the albite 
twins, the albite sending offshoots into the core and even penetrating it. 
Resorption has been most complete in one end of the core, only a small 
isolated part with the same orientation as the main crystal remaining. | 
The albite zone is anhedrally bounded by the groundmass. : 

4, A phenocryst consists of a core of microcline with charcateristi¢ 
crosshatched twinning texture surrounded by a rim of albite showing 
no twinning. The length is one mm. The microcline is euhedrally bound-_ 
ed. The albite has broken through one of the faces and resorbed the 
inner part of the microcline crystal. The groundmass in its turn has had 
a strong resorbing effect upon the albite and has also found its way into” 
the centre of the microcline core. ; 

5. A phenocryst has a core of albite surrounded by a rim of micro- 
cline. It is 1.5 mm long. The albite is anhedral and has multiple albite 
twins. The microcline shows beautiful crosshatched twinning texture. 
The twinning of the albite runs parallel to one set of the microcline 
twins. 

It has been found justifiable to assume that the lighter fraction of the 
feldspar separation contained the microcline phenocrysts together with 
some grains from the composite phenocrysts. Even if the analysis of 
this fraction thus cannot be considered to have been carried out on 
homogeneous material, a calculation of the results is nevertheless of 
interest in establishing the character of the material as pure alkali 
feldspars. The composition calculated on the basis of the alkali deter- 
minations, Na,O: 5.47, K,O: 8.99 is: 


Si Oy eck ihe cn A ren en 66.43 Weight % 
Oe: eet eee ees 18.76 » 
Ne Oaks. oiler een oe 5.47 » 
CC) eo eee ee ee 8.99 » 
99.65 Weight % | 


thus proving the material to consist of exceedingly pure alkali feldspars. 

Feldspar crystals of a texture similar to that of the feldspar pheno- 
crysts in grennaite have been described by Magnusson (1923, p. 305— 
312) in the rock sarnaite from the province of Dalarna in Sweden. (Sar- 
naite is the name of a nepheline-syenite carrying cancrinite as an essen: 
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tial mineral. Brégger, 1890, p. 244.) Magnusson wrote: »The alkaline 
feldspars principally consist of tables with the M-face well deve- 
loped and composed of cores of an orthoclase rich in soda surrounded 
by mantles of albite.» They may also have more than one mantle: »A 
peculiarity that is sometimes observed in the main type of Siks]6berget 
is that the albite mantle is in turn overgrown by orthoclase with the 
same orientation and optical characters as the orthoclase in the 
core.» The albite component of the composite crystals also is in parallel 
orientation with the orthoclase components, as is seen from the foll- 
_ owing passage from Magnusson: »In the nepheline-syenite from Umptek 
described by V. Hackmann (Fennia, 1894), albite mantles are often 
observed around the feldspar tables. Hackmann points out that this 
albite is not orientated parallelly with the orthoclases of the cores but 
that the two constituents are subparallelly or less regularly orientated 
towards each other. In the siirnaites of Ekorrasen and Siksjéberget, on 
the contrary, the albite in the mantles always is orientated parallelly 
with the orthoclase of the core.» 

There is, however, one textural difference between the feldspar 
crystals in siirnaite and those in grennaite. In sarnaite the core of a 
crystal always consists of orthoclase, whereas in grennaite individuals 
with a core of potash feldspar and individuals with a core of soda feld- 
spar both occur. 

I can see no way of interpreting the zonal texture of layers of 
potash- and soda-feldspars other than by assuming a successive cry- 
stallization of the components. For the formation of his so-called 
interlocking perthite, Andersen (1929, p. 186) has offered an interesting 
theory which may well be applied to the composite feldspar phenocrysts 
of the grennaite. It gives a quite satisfactory interpretation of all fea- 
tures mentioned under the description of the phenocrysts: : 

»We consider, for instance, the microcline part of the growing perthite 
at a moment when the liquid in contact with this part is saturated with 
both feldspars. At first microcline will separate on the crystal already 
present, the liquid thus becoming relatively richer in andesine and 
poorer in microcline. If the microcline, as presumed, has a relatively 
large surface its growth will demand a supply of material from a con- 
siderable volume of the liquid. Unless the liquid has an excessively high 
fluidity a state may then be reached at which the diffusion can no 
longer keep pace with the growth; the liquid-in contact with the crystal 
will cease being saturated with microcline and the crystallization of the 
microcline must stop. At the same moment the andesine will begin cry- 
stallizing in parallel orientation with the microcline and this will continue 
as long as the diffusion is able to keep the liquid which is in contact with 
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the crystal saturated with andesine. When the andesine can no longer 
crystallize, microcline will again separate and so forth. The contact 
faces between the two feldspars »may be compared with the boundary 
faces between individual layers in zonal crystals and are more strikingly 
characterized as faces of deposition than as faces of intergrowth.» 
(Ussing).» 

Concerning the resorption processes, Andersen says (p. 202): »The — 
process of simultaneous rhythmical crystallization, such as it is outlined 
above, has consisted in oscillations between a state characterised by 
growing microcline and stationary plagioclase and another state cha- 
racterised by growing plagioclase and stationary microcline. Now these 
stationary stages of the microcline and plagioclase may be replaced by 
stages of resorption without any essential change in the process. Indeed, 
if the possibility of any such oscillations be granted it seems reasonable 
that the culmination points should be represented by one feldspar 
dissolving and the other one crystallizing rather than by one feldspar 
at rest and the other one crystallizing, provided only that the total 
effect of the processes of resorption be less than the total effect of the 
processes of crystallization (otherwise no final solidification would 
result).» : 


ha 


Nepheline. In unweathered grennaite nepheline is perfectly 
fresh. Owing to the absence of twinning in the feldspar of the ground- 
mass nepheline is easily confused with this mineral. It is almost im- 
possible to distinguish the nepheline, unless a grain happens to have 
such an orientation that it gives a clear uniaxial interference figure. 
However, by etching the thin section with hydrofluoric acid and colour- 
ing it with aniline, the nepheline assumes a more rose colour than the 
feldspar and can thus be distinguished from this mineral. The indices of 
refraction of the nepheline are: 


@: 1.532 
e: 1.529. 


In thin sections of weathered grennaite it is seen that the nepheline 
has altered to a light brown substance with lower index of refraction. 
This substance has very much the same appearance as the alteration 
product of nepheline in kaxtorpite (see p. 194), which has been analyzed 
and proved to be natrolite. 

An analysis of nepheline together with its calculation is presented 
in Table 2. It is seen to be a very sodium-rich nepheline. Two other 


nephelines, regarded to be sodium-rich, are given in Table 3 for com- 
parison. 
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Table 2. 
Analysis of nepheline from grennaite. 


Analyst: R. Mauzelius, 1906. 
NS 


| 
: 0/ Numb. of metal 
Weight % | Mol. numb. | Numb. of O ome 
ee Cae ee 
BOO ec a statosnc 43.56 0.7224 1.4448 1.00 1 
On oes « 32.51 0.3181 0.9543 0.88 0 
er ie SOD 0.33 0.0021 0.0063 0.01 ' 890 1 
Wa Oe: « 18.34 0.2958 0.2958 0.82 
CaO acts 2.2% 0.42 0.0075 0.0075 0.01 > 0.89 1 
1 eR ae 2.32 | 0.0246 0.0246 | 0.06 
1549 See ee 2.88 0.1554 0.1554 | 0.43 
100.36 2.8887 
fe er 1.3847 
2.8887 
Table 3. 
1 2 33 
Sig Ree oe | 43.56 44.08 46.41 
LO he atastashacaiet | 32.51 34.71 31.07 
Re, OW 0.ee 0.33 — 
FeO : Py eee ee poe — f ye 
MOF coerce — — 0.11 
DO 8 eee 18.34 16.46 15.67 
CAO fo ia re dea0rs 0.42 2.51 0.87 
PUG Jere Sena | 2:32 3.17 3.81 
12 7d ete Ae 0.97 
Ho =, dee ae t 2.88 } B.46 ‘0.17 
100.36 | 10138 | 99.86 


1. Nepheline from grennaite, Norra Karr. 
2. Nepheline, Monte Somma, Mt. Vesuvius, Italy (Bannister, 1931, p. 572. Analyst: 


M. H. Hey). ; : 
3. Nepheline from phonolite, 53 miles from Nairobi on Nairobi-Nyeri road, Kenya 


(Bowen and Ellestad, 1936, p. 365. Analyst: Ellestad). 


Bannister (1931, p. 590) found that nepheline which is low in K,0, 
is also low in refractive index and that nepheline which is rich in K,0 
is high in refractive index. For the nepheline of column 2, Table 3, Ban- 
nister found by measuring two crystals that w was 1.5341 and 1.5304 
respectively, whereas for a nepheline with 5.66 per cent KO (p. 572) 
he found w to be as much as 1.5394 (p. 590). In accordance with the 
result of Bannister, the indices of refraction of the nepheline from 


Norra Karr are very low. 


Aegirite. Aegirite is the only dark mineral in grennaite. It 
forms grains 0.1—0.2 mm long, generally somewhat smaller than the 
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Table 4. 


Analysis of aegirite from grennaite. 
Analyst: R. Mauzelius, 1906. 


[Mars—April 194 


; 


; 
\ 
' 


Weight % | Mol.numb. | Numb. of O sere ca : 

BLO enemies 53.78 | 0.8919 1.7838 | 2.02 2 

AT Ong atest eats 3.93 | 0.0384 0.1152 | 0.17 

iO soe aaa 0.06 | 0.0007 0.0014 0.00 

RVC Ose ae a 27.19 | 0.1703 | 0.5109 0.77 0.98 1 

MoO reac diteres 0.22 0.0055 | 0.0055 0.014 

FEO’ wee. 0.77 0.0107 0.0107 0.02 

Mini Oye tere eters 0.15 0.0021 | 0.0021 0.01 . 

NEA Uae nee 12.76 0.2058. | 0.2058 0.93 | 

CoO US | 0.80 0.0143 0.0143 | 0.03 $0.97 1 | 

SG od eee 0.27 ) 0.0029 0.0029 0.01 | | 

BRO a ae 0.08 | 0.0044 
| 100.01 2.6526 

Spee snag 2.2619 
2.6526 


feldspar and nepheline individuals. The grains may be more or less; 
elongated. In the massive types of grennaite the aegirite grains are: 
always regularly distributed all over the thin section, but in the schistose : 
types they have often gathered in streaks. The optical properties are: : 
Kof\ o==5* 
2Va = 58° 
Y: grass green, 
fo ee 


Dispersion is distinct 7 > v. 


X: dark green, Z: yellowish green 


The chemical analysis (Table 4) shows that it is a very pure aegirite, , 
corresponding closely to the formula NaFe™S$i,0,. 


Kudialyte. This mineral is easily recognized under the micro-_ 
scope by its high indices of refraction. By lowering the analyzer or’ 
decreasing the light, the high relief of the eudialyte makes it rise over 
the other minerals in the groundmass. The eudialyte is colourless in | 
thin sections of usual thickness. The interference colours are weak, 
and the mineral has diffuse extinction. The low double refraction — 
renders observations in convergent light difficult. Sometimes, however, | 
a diffuse uniaxial cross is obtained, which always shows optical positive 


character. The optical negative equivalent of eudialyte, eucolite, was 
never observed. 
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Table 5 
Analysis of eudialyte from pegmatitic schlieren of grennaitic composition. 
Analyst: R. Mauzelius, 1906. 


ioht 9 ? . Numb. of metal atoms 
Weight % | Molnumb. | Numb. of O and O, OH, F, Cl 
a arn 

18 Sea eee 47.85 0.7935 1.5870 6.01 6 
a Cs es eee 1.22 0.0028 0.0140 0.04 
Li. AeA eae 0.11 0.0014 0.0028 0.01 } 0.89 il 
8 aes 13.39 0.1092 0.2184 0.84 
OG Ohare « cwes 2.97 0.02111 | 0.0633 0.82 ) 
Oats ves as 3.90 | 0.03901 | 0.1170 | 0.60 
(CTO SCL cern 0.08 0.0020 0.0020 0.01 
HOON a Seen acd 2.92 0.0406 0.0406 0.31 5 6 
SS ee 2.69 0.0379 0.0379 OW part 
NEO Sar 13.19 0.2127 0.2127 3.27 
Gt eee 7.63 0.1360 0.1360 1.05 
ORs cats xc 0.51 0.0054 0.0054 0.08 
Cees was 2.64 0.1465 | 0.1465 2.25 
| Ose eee 0.32 0.0169 0.0169 0.13 fear 2 
eee pase fF 0181 0.0121 | 0.09 

99.85 2.6126 
Less O for F, Cl eet _. 0.0290 = 0.0145 

99.62 | 2.5981 

f=." _ = 7.6079 
I 2.59 


The size of the eudialyte grains in the groundmass is somewhat larger 
than that of most feldspar grains. All individuals have a similiar shape 
and show a certain tendency to idiomorphism. The forms are some- 
what rounded, but generally a pseudorhombic habit is perceptible. 
The amount of eudialyte may vary from one locality to another, but 
its distribution in the groundmass is rather uniform, with no accu- 
mulation of grains in certain parts of the thin section. 

As mentioned the phenocrysts of eudialyte can megascopically be 
seen to have a bright rose colour. They have the same optical properties 
as the eudialyte grains belonging to the groundmass. 

The indices of refraction are 


w: 1.617 
SaelaG ode 


The analysis (Table 5) was not carried out on material from the 
grennaite itself, because it was not possible to obtain material of suffi- 
cient purity from this rock. The analyzed material was selected from 
the pegmatitic schlieren of grennaitic composition to be described on 


1 The molecular weights 340 for SCe,0,, and 250 for SY,0; were ay 
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a sa 


Table 6. 
| | - 
FeO | 6.86 (5.01 | 7.12 | 6.08 | 1.79 | 6.15 | 6.08 | 3.20 | 6.49 | 6.65 | 2.92 5.6 
SLa,0,| 0.84 |0.52 | 1.87 | 1.75 | 2.12 | 2.54 | 2.56 2.95 | 4.58 | 5.19 | 6.87 [22.57 
wo | 1.608 1.610 | 1.613| 1.624| 1.618| 1.621| 1.617 1.643 } 
1.604 1.613| 1.593| 1.617 | ) ‘ 
F 1.610 1.611 1.612| 1.630| 1.616, 1.618] 1.621 
oe Sameer me Se |. aa rei ead oat i 7 
e+ |+0.002 +0.001|+0.003 +£0.004| -.0,003|-0.001|+0.006|+-0.002|+-0.003| +0.004|+0.009) 
1. Eudialyte, Hackmannschl. (Kunitz, 1936). | 9. Eucolite, Brevik (Kunitz, 
2. Mesodialyte, Ljawajoka (Kostylewa, 1929). 1936). x 
3. Eudialyie, Kakasnjujakok (Kunitz, 1936). | 19. Eucolite, Lille Aré (Brég- — 
4, Eucolite, Chibinpachkéorr (Kostylewa, 1929). ger, 1890). 
5, Eudialyte, Angvundastorr (Kostylewa, 1929). | 11. Enudialyte, Norra Karr, 
6. Eucolite, Neptunit-Hohlung, (Kostylewa, 1929). | gE Eucolite, Madagascar 
7. Eucolite, Kangerdluarsuk (Kunitz, 1936). (Lacroix, 1915). 
8. Eudialyte, Rume, Los Archip. (Kunitz, 1936). | 


p. 150. The calculation shows a quite satisfactory correspondence to 
the formula: Na,Ca(Fe", Mn, La), Zr(Si;0.).(OH, F, Cl).. 

As compared with other eudialyte and eucolite analyses the most 
remarkable feature is an unusually high content of lanthanides. With 
the exception of an extremely lanthanide-rich eucolite from Madagascar, 
described by Lacroix (1915, p. 278), the highest lanthanide content in 
these minerals that I have been able to find in the literature is a 
eucolite from Langesundsfjord containing 5.19 per cent lanthanides 
(Brégger, 1890, p. 504). Kunitz (1936, p. 427) has made a compilation 
of eucolite and eudialyte analyses from different parts of the world 
and according to his table two to three per cent of lanthanides seems 
to be the most common value. 

Kunitz (1936, p. 428) found that the indices of refraction of eudialyte 
and eucolite increased with the amount of lanthanides present. 

The values for the indices of refraction of the eudialyte from Norra 
Karr do not contradict this statement. However, the variation in 
refractive index is also dependent upon other components. According 
to Kostylewa (1929) we have chiefly to reckon with iron. In Table 6 the © 
content of iron and lanthanides in the eudialyte from Norra Karr 
together with the indices of refraction, are compared with corresponding — 
values for eudialyte and eucolite from different localities taken from a 


‘ 


table compiled by Kunitz? (1936, p. 427). The analyses are arranged 


according to increasing amounts of lanthanides. 


* Kunitz evidently has confused the optical sign of eudialyte with that of eucolite. 
In his table there also is a thorough disagreement between the indices of refraction _ 


and the optical signs given. 
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Katapleite. Katapleite generally occurs as phenocrysts, the 
shape and mode of occurrence of which have already been described. 
A single grain of about 0.5 mm length may sometimes be seen in the 
sroundmass. 

Megascopically katapleite is seen to have a grayish white colour. 
[In thin sections, however, it is colourless. A yellowish or reddish pig- 
mentation sometimes present indicates that the mineral is slightly 
altered. Owing to the high interference colours katapleite is easily 
recognized under the microscope. By observation in convergent light it 
zives a beautiful, almost uniaxial interference figure of positive character. 
By rotation the balks will open about 5°. The indices of refraction are: 

a~B: 1.585 

y: 1.603. 
ispersion is distinct r < v. 

In the mineralogical tables of Larsen and Berman (1934, pp. 109, 
64) katapleite is reported to be partly biaxial positive with an axial 
ngle up to 25°, and partly biaxial negative with large axial angle. 
he indices of refraction presented for positive katapleite are those of 
atapleite from Narsarsuk as given by Béggild (1906, p. 113): a: 1.591, 
: 1.592, y: 1.627. The indices of refraction of the katapleite from Norra 
arr are, however, seen to be more close to the optically negative 
atapleite in the tables of Larsen and Berman, for which the following 
alues are given: a: 1.575, f: 1.590, y: 1.605. The indices of refraction 
s well as the double refraction of the katapleite from Norra Karr are 
omewhat lower than those given in the tables. 

For katapleite from Langesundsfjord, which is optically negative, 
rogger (1890, p. 442) estimated the axial angle to be about 60°. By 
eating a thin section, he found that at 140°C the mineral became 
iaxial. On cooling it regained its former properties. Flink (1899, p. 98) 
nd Béggild (1906, p. 111) made similiar observations on the katapleite 
om Narsarsuk but found that it had varying reversion temperatures. 
he circumstance that the katapleite from Norra Karr is nearly uniaxial 
ven at normal temperatures distinguishes it from the specimens from 
e two other localities mentioned. 
Twinning seems to be rather common in the katapleite from Lange- 
dsfjord and Narsarsuk as described by Brogger and Béggild respect- 
ely. In the katapleite from Norra Karr, however, twinning has not 
een observed. This is another feature distinguishing it from the other 
ecimens. 
For the same reason as given under the description of eudialyte, the 
emical analysis has been carried out on material selected from the 
egmatitic schlieren of grennaitic composition. The analysis (Table 7) 
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Table 7. 
Analysis of katapleite from pegmatitic schlieren of grennaitic composition.! 
Analyst: R. Mauzelius, 1906. 


Weight % | Mol.numb. | Numb. of 0) Numb. ee - ane 

OU Ki, 8 43.69 | 0.7245 | 1.4490 2.91 3 

ol sakes cae 82.00 0.2610 0.5220 | 1.05 1 

He; Oras mrcie sats 0.27 0.0017 | 0.0051 0.01 

Weis) 12 Meterseremie 12.62 | 0.2036 | 0.2036 1.64 1.89 2. 

CaO. 7.240 mae 3.12 0.0556 | 0.0556 0.22 (-~* 4 

1 Ol A 0.24 0.0026 | 0.0026 0.02 e | 

E.G | 8.63 0.4790 #H,O: 1.92 H,0: 2. 
| 100.57 | | 2.2379 | 7 

ein! eer 
2.2379 


corresponds well with the formula (Nas, Ca) ZrSi,O, -2H,O, representing 
half the content of the unit cell as determined by Brunowsky (1935, 1936), 

As a primary mineral katapleite is only known from a few localities. 
Apart from the type locality Langesundsfjord, it has been described 
from Narsarsuk, Norra Karr and Mt. Khibines (Kostylewa, 1932). As 
an alteration product of eudialyte it is rather common. As such it has 
been described in an aegirite-nepheline-syenite in the Los archipelago: 
(Lacroix, 1911, p. 31) and in kakortokite from Greenland (Ussing, 1911, 
p- 178). 


Natrolite. In certain parts of the grennaite, natrolite may be 
rather abundant, whereas in other parts it may be altogether absert. lt 
occurs partly in isolated individuals, partly in aggregates of smaller 
grains and partly in veins replacing particularly nepheline but also feld4 
spar. The natrolite is colourless and generally clear but may occasionally 
be somewhat turbid. It is easily distinguished from nepheline and feld+ 
spar by its relatively high interference colours and by its low indices 
of refraction. Natrolite veins eating through nepheline and feldspar 
grains are found exclusively in the schistose types of grennaite. The 
massive grennaite only contains natrolite material filling out the inter- 
spaces between the previously crystallized mineral grains. 

Natrolite shows a distinct interference figure of positive character. 
The axial angle 2V is 60°. The indices of refraction are: 

a: 1.478 
B: 1.483 
y: 1.492, 


+ At the request of the editor, A. A. Polkanov, of the guide-book for the northern ex- 


cursion of the 17th International Geological © i <hibine is give! 
preference to Chibine (1937, p. 51). : ee ne Se ae 
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Table 8. 
Analysis of natrolite from grennaite. 
Analyst: R. Mauzelius, 1906. 


Weight % Mol.numb. Numb. of O Numb. of metal atoms 
and O 
a een Ere ee 
BORED Ch aid Satara 47.35 0.7852 1.5704 2.99 3 
A ee 26.99 0.2641 0.7923 2.01 BA 
IO) oda sane 16.21 0.2615 0.2615 1.99 2 
RROD ois sotantve ox 0.08 0.0014 0.0014 0.005 
Oi Ree Sie 0.16 0.0017 0.0017 | 0.01 
ae eee SUR aS | H,0:2.08  H,0: 2 
100.16 2.6273 | 
1 os 3.8062 


The analysis (Table 8) is seen to be in exceedingly good agreement 
ith the formula Na,Al,8i,0,,°-2H,0. 

In a few thin sections one or two minute grains of a colourless, iso- 
ropic mineral with low index of refraction have been observed. Térne- 
ohm (1906, p. 10) believed it to be sodalite. On the same page Torne- 
ohm mentioned that in a few cases he had observed grains of a mineral 
hich appeared to be pectolite. It is probable that this observation was 
ade in a thin section from the border zone against kaxtorpite, the ex- 
ension of which rock Térnebohm did not seem to have realized, judging 
tom his sketch map (1906, p. 4; the »lakarpite» body situated S—SW of 
he farm Norra Ka4rr). In grennaite I have observed no mineral which 
ight be pectolite. 

A few grains of fluorite have occasionally been observed in grennaite. 


c. Petrographical Character. 


The zirconium concentration of the grennaite is represented by 
atapleite and eudialyte. Katapleite contains nearly double as much 
irconium as eudialyte. The presence of katapleite therefore signi- 
ies a higher zirconium concentration in the rock. 

Microscopical investigation shows that there is a remarkable difference 
nm the modes of occurrence of katapleite and eudialyte. When grennaite 
ontains katapleite, this mineral is developed as phenocrysts, whereas 
he eudialyte is restricted to the groundmass. When grennaite con- 
ains phenocrysts of eudialyte, katapleite is altogether absent, ex- 
ept in the transitional types between grennaite with phenocrysts 
f katapleite and grennaite with phenocrysts of eudialyte. Thus 
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katapleite is always accompanied by eudialyte, whereas eudialy 
may occur alone, 

All varieties of grennaite containing katapleite phenocrysts hap 
a fairly constant amount of eudialyte in the groundmass. This is,: 
however, not the case with the grennaite type containing phenocrysts, 
of eudialyte. Then there is a certain relation between the amount of 
eudialyte in the groundmass and the size and quantity of the eudialyte: 
phenocrysts. The greater the amount of eudialyte phenocrysts is, the: 
smaller is the amount of eudialyte in the groundmass. In the most: 
extreme varieties with eudialyte phenocrysts of 20 mm diameter, the: 
eudialyte may be almost absent in the groundmass. The total amounts: 
of eudialyte in the katapleite-free grennaite varieties are, however,’ 
not greater than those in the katapleite-bearing grennaite varieties. — 

The groundmass of the grennaite is almost even-grained with an: 
average grain diameter of 0.2 mm. It shows the same fineness of grain: 
throughout the district from the border to the central regions. The: 
eudialyte grains are generally somewhat larger than the grains of feld- 
spar and nepheline, whereas the aegirite grains are usually a little: 
smaller. Feldspar and nepheline are entirely anhedral, but eudialyte and: 
aegirite may show a tendency to euhedral development. The schistosity | 
is recognized in the microscope by a distinct subparallel arangement: 
of the mineral grains. Within a certain distance from the phenocrysts, 
the grains diverge from the general direction of schistosity and follow: 
the borderline of the phenocrysts. The texture shows every evidence: 
of being precrystalline. 

As has been mentioned above, the size of the katapleite phenocrysts: 
may vary from small needles to laths 30 mm in length, all of which: 
have a euhedral development. The idiomorphism is most pronounced ’ 
in the smaller individuals. The larger ones are usually only euhedral. 
in the prismatic zone, being subhedrally terminated at the ends. 
Sometimes, however, the prisms are bounded by pyramidal faces. 
A phenocryst is often corroded by the groundmass, sometimes even 
separating it into several parts (Fig. 9). 

The katapleite phenocrysts generally have inclusions of the ground- 
mass minerals: feldspar, nepheline and aegirite, particularly the two. 
first-mentioned. They form small, rounded equidimensional grains of 
almost the same size which are altogether anhedral (Fig. 10). It is worth: 
mentioning that eudialyte has not been observed as an inclusion. The 
phenocrysts contain inclusions to a varying extent, the smaller pheno- 
crysts generally having less inclusions than the larger ones. As a rule it. 
can be said that the less pronounced the idiomorphism of the pheno- 
cryst is, the greater is the number of inclusions. : 
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Fig. 9. Grennaite with a corroded phenocryst of katapleite in the upper half of the picture. 
The dark mineral is aegirite; the light minerals are essentially anorthoclase and nepheline. 
x nicols. Magnification: 10. 


Fig. 10. Grennaite with large phenocryst of katapleite. The katapleite erystal (the right 

half of the picture) is crowded with inclusions of feldspar and nepheline. In the ground- 

mass (the left half of the picture) eudialyte can be distinguished from the other light 
minerals by its sharper outlines. // nicols. Magnification: 10. 


The eudialyte phenocrysts are never euhedral as are the katapleite 
phenocrysts. They are rounded, sometimes with faintly subhedral 
outlines. With respect to inclusions, the eudialyte phenocrysts show 
the same features as the katapleite phenocrysts. The texture of these 
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> 
inclusions is quite irregular and dense, no arrangement along any 
preferred direction being perceptible. This texture is thus in striking — 
contrast to the general subparallel texture of the groundmass. The 
large phenocrysts may be so crowded with inclusions that when working 
without analyzer the phenocrysts appear like aggregates of mineral 
grains. However, with crossed nicols the katapleite’s and eudialyte’s 
character of host crystals is established by the common optical orien- 
tation of the katapleite »grains» and eudialyte »grains» respectively. 
Sometimes there may be more inclusions in the peripheral parts of a 


Fig. 11. Composite phenocryst consisting of a core of katapleite and a rim of 

eudialyte. The katapleite core is seen at the lower right of the picture surrounded 

by the dark eudialyte rim. The katapleite as well as the eudialyte are crowded with 

inclusions of feldspar and nepheline. The groundmass of grennaite is seen to the left. 
x nicols. Magnification: 10. 


phenocryst than in the centre. Here the inclusions may even dominate 
over the host crystal, so that the phenocryst is split up into a number 
of isolated parts. If a phenocryst has poorly defined outlines, peripheral 
parts may at first sight give the impression of being constituents of 
the groundmass, their belonging to the phenocryst being recognized 
only by the common optical orientation. 

The composite phenocrysts consisting of a core of katapleite and 
a mantle of eudialyte shows no difference in the arrangement of the 
inclusions incorporated in katapleite and those in eudialyte. Without 
analyzer a composite phenocryst cannot be distinguished from a homo- 
geneous phenocryst, it being impossible to point out where transition 
occurs from katapleite to eudialyte. With crossed nicols, however, the 
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Table 9. 
Analysis of grennaite with phenocrysts of katapleite. Norra Karr. 


Analyst: R. Mauzelius, 1906. 
==—===a====oee—S_ 


Weight | 10000 
oF M Norm Mode, Vol % | Niggli’s system 
SS SES eee See 
ie 66.75 | 9411 | Or 23.00 | Felds 
; oa a < par, z 95 
Freres amide are 0.03 4 | Ab.... 37.08 | phenocrysts 3 x 194 
REO rains atin 1.60 131 | Nef.... 26.99 | Feldspar, ti 0.08 
Os Oo scice Ste 21.10 2:06b™ | FHLG. S. 0.07 | groundmass | ar 2.68 
BO rot a det 229 | 143 |Z..... 240] (K£,Naf,,) 48 
BOO so. 3 OE 0.23 32 | Ssal... 89.54 | Nepheline 29} al 42.6 
PANO. ce eens 0.12 | 17 Aegirite 8} fm 7.3 
- ae a 0.08 | 20 | Wo.... 1.55 | Rudialyte 7] ¢ 2.8 
Bars ots el. 0.76 | 136 | ©D..... 0.20 Katapleite 5] alk 47.3 
MEY co on «5 11.66 1881 | 2¢----. 4.72 | Natrolite 
Te Bae 412+) NawOy 1.48 iy 0.06 
ae ee 0.01 | 1 | i...... 0.06 100; |.” 0.18 
SA neta e's) 1.69 | mt .... ae 
BS ccs tees 0.04 | 11 | 4P----- 03 f 38 
ey eae | oos | 9 | pr... 0.06 | Pas ined 
< 100.27 | Sfem.. 9.05 | 
paces O forCl, 8 | 0.02 | TaD ies 221.89 | 
100.25 | 100.28 


Quantitative System: I: 6: 1:4, Miaskose. 


katapleite is easily distinguished from eudialyte by its higher interference 
colours (Fig. 11). 


d. Chemical Composition. 


Chemical analysis have been carried out on two types of grennaite: 
grennaite with phenocrysts of katapleite and grennaite with phenocrysts 
of eudialyte. The first analysis (Table 9) was published by Térnebohm 
(1906, p. 11). According to him this grennaite had katapleite pheno- 
rysts of up to 4 centimetres length. The original analysis gives no 
nformation as to the content of ferrous iron. For the sake of complete- 
ess a ferrous iron determination was made on material selected from 
e original locality as described by Térnebohm. The grennaite of which 
he second analysis (Table 10) was carried out had eudialyte phenocrysts 
f about two centimetres diameter. 

The first analysis can be taken as representative of by far the greater 
art of the Norra Karr district, the different varieties of katapleite- 
earing grennaite probably having only slight variations in chemical 
omposition. Except for the zirconium contents the two analyses of 


1 The determination of ferrous iron has been carried out by A. Bygdén, 1942. 


10-—440060. G. F. F. 1944. 
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Table 10. 
Analysis of grennaite with phenocrysts of eudialyte. Norra Karr. 
Analyst: Thelma Berggren, 1943. 


0 M Norm | Mode, Vol % | Niggli’s syste: 
oO | | 
Tee aye 57.95 | 9942 | Or.... 22.83 | Feldspar, gz 
Ti ORaer seas 0.04 5 | Ab.... 43.95 phenocrysts 4| si 
ZOE soy cate 0.32 26 | Nef.... 25.99 | Feldspar, | ti . 
WATLO saws ecole OD Odes Lote, pilbaeees 0.04 | groundmass | zr 
PaO ise 9.62| 164 |%..... 0.48 | (Kf,Naf,) 56| 
HeQ, oun. aie 0.76 106 | Ssal.. 93.29 Nepheline 28 | al 
Min OF ene 0.02 a Aegirite 7| fm 
MeOagl ccaucss 0.03 7 | wo.... 0.51 | Eudialyte 5) ¢ 
Catt ad hk 0.29 5Q | eM... sel: | Natrolite alk 
ei vies < 0.002 BO oo 05 Gok ge ne eee eae 
BAO ae 5 ne Na,SiO, 0.02 | 100) mg 
Natieeacense 11.24 | 1813 | i.-+-. 0.07 | k 
Onene ee 3.85 409 | mt.... 2.41 > | 
POL 0.03 Q | ap...-- 0.05 | | ¢/fm 
Ey hye area 0.00 fr ..... 0.02 
HO "105" F. 0.41 > fem 5.93 
Pec] Gon | 8 [ExOs: Osa | 
CUR rarrstatens |< 0.03 8 99.73 
| 99.74 | | 
Less O for F, Cl 0.01 
| 99.73 


Quantitative System: I: 6:1:4, Miaskose. 


grennaite show no great differences. For most determinations the: 
variations are almost within the limits of analytical error. The small | 
amount of zirconium in Table 10 as compared with Table 9 might be: 
expected, since this grennaite type contains only eudialyte which has: 
a much snaller content of zirconium than katapleite. Térnebohm (1906, | 
p. 11) reported that a partial analysis of one specimen of grennaite | 
gave as low a value as 53.8 % for 8i0,. This figure ought to be very | 
close to the minimum limit for the acidity of grennaite. 

As seen from the analyses, grennaite is of a highly sodic character. . 
The high alkalinity of the rock is demonstrated by the fact that alk > 
al in terms of Niggli’s conceptions and by the presence of normative | 
Na,Si0;. Grennaite is further characterized by an overwhelming pre- 
ponderance of ferric iron over ferrous iron. The content of lime is very 
low, and the amounts of manganese and magnesium insignificant. 
Chemically the most characteristic feature of grennaite is its content 
of zirconium which for the katapleite-bearing types has one of the 
highest values known for alkaline rocks. 
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Table 11. 

a 

la 1b 2 38 4 5 6 7 8 
ST ne ee er ee ee 
Brera ren kdd <a. | 56.75} 57.95} 53.68] 54.14) 53.44/ 55.50 55.51) 55.31! 56.24 
BIOs HAYES he 0.03} 0.04 \ 1.35| 9-95; 0.30; 0.30} 0.94] das! 0.26 
Te ar re 1.60} 0.32/f ““""| 0.92] 1.00] 4.16] 0.86/ 0.31/ 0.09 
AOS Ae eae a 21.10) 22.04) 18.42) 20.61) 18.64) 19.87] 18.90 19:56) 21.43 
a 2.29} 2.62} 5.91) 3.28] 9.38 3.34 6.02} 1.92] 2.01 
tg ee 0.23} 0.76) 2.57; 2.08] 0.86) 0.76 0.22] 3.17] 0.55 
GE ee ee 0.12} 0.02) 0.75) 0.25) 0.10] 0.60! ¢r 0.28] 0.08 
REO OMS Sukie Juice. 0.08} 0.03| 0.88] 0.83! none 0.28} 0.37] 0.76} 0.15 
BRO Sr 6 bie Soe < 5 0.76; 0.29} 2.05} 1.85] 0.79] 1.63! 1.56 eSSlmEeos 
Re eee <0.002) 0.00; 0.03 
le a 0.00) 0.06; 0.08 
C0 re 11.66) 11.24; 9.46} 9.87; 12.10! 9.91] 19.85 10.32} 10.53 
Reeth dae es cee k. | 98.88} 3.85] 4.92] 5.25] 2.43 5.411 2.04 4.67} 5.74 
O° Ae hoc cee Sr 0.01; 0.03 none |absent|} none 0.19} 0.06! 
1) ee | 0.11 
o> ones ee ae 6 5 ae 
per POD? Vi. 41 eae 94 63] 0.55 .86 
AS 0 \ 1.69) eth 0.80) 0.40 0.34| 0.24) 0.21] 0.09] 0.12 

cul eeeiel 8 eeeaien 0.01 0.23) 0.33) tr 
| FS eee ee 0.04) 0.03 Ome O12! S031 0.00} 0.12 
| . Re ae | 0.03) absent 0.03 
| 100.27| 99.74| 100.88] 100.55] 100.62] 100.25] 100.45] 100.23] 99.86 

la. Grennaite with phenocrysts of katapleite. Norra Karr. 


1b. Grennaite with phenocrysts of eudialyte. Norra Karr. 
2. Eudialyte-lujavrite. Tsutsknjun, Lujavr-Urt, Kola (Ramsay, 1898, p. 16. Analyst: 
W. Petterson). 

3. Eudialyte-rich chibinite. Tschasnatschoor, Umptek, Kola (Ramsay and Hackmann, 
1894, p. 132. Analyst: Eichleiter). 

- Aegirite-lujavrite. Tupersuatsiak, S. Greenland (Ussing, 1911, p. 168. Analyst: C, 
Winther). 
Eudialyte-rich foyaite. Buffelskloof, S. Africa (Shand, 1928, p. 130. Analyst: Shand). 
Zircon-mariupolite. Kamienny-Row, Mariupol, U.S.S.R, (Morozewicz, 1930, p. 346. 
Analyst: Morozewicz). . 
Nepheline syenite. Kiihtelysvaara, Finland, (Eskola-Sahlstein, 1930 a, p. 3. Analyst: 
L. Lokka), 
Phonolite. Pleasant Valley, Colfax Co., Utah (Clarke, 1900, p.171. Analyst: W. F. 
Hillebrand). 


In the quantitative system grennaite has the position 1: 6:1: 4, 
iaskose. 

Comparing grennaite with other rocks it is seen from Table i that 
is closely related to lujavrite and chibinite in chemical composition. 
skola-Sahlstein (1930 a, p. 4) pointed out the similarity between gren- 
aite and a nepheline-syenite found as a boulder in Kiihtelysvaara, 
inland (No. 7 in Table 11), emphasizing that titanium in the Finnish 
ock plays the role of zirconium in grennaite. Except for the zirconium 
ontent, grennaite also very much. resembles certain phonolites (No. 8 
Table 11). 
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e. Marginal Facies of Grennaite. : 


The boundary of the grennaite with the surrounding granite is ex- 
posed at two localities. For a distance of one to two metres from the 
contact grennaite is here seen to have a white colour. The white gren- 
naite is further observed at three localities, where the boundary is itself ’ 
not exposed, but which we can estimate to be situated less than two | 
metres from the contact, judging from the general trend of the border ° 
line. This rock is not found in the inner parts of the Norra Karr district. - 
These circumstances should give sufficient evidence for the supposition | 
that the white rock is a marginal facies of the usual grayish green gren- » 
naite, which must be expected to occur all around the margin of the : 
district. 

The contact is particularly well exposed at a locality in the porth- ; 
western corner of the district. Here it can be seen how the white marginal | 
facies grades into the usual grayish green grennaite. The change of colour : 
from green to white is due to a decreasing amount of aegirite, as can | 
be confirmed by a microscopical study of the rock. In one of the localities : 
phenocrysts of eudialyte or katapleite are missing, but in the others : 
they are abundant as in ordinary grennaite. It is therefore probable : 
that the absence of phenocrysts at the one locality is only local and | 
has nothing to do with influence from the contact. A boulder of about: 
two metres size, representing the transition from ordinary grennaite to: 
the marginal facies, is found in the northern end of the district, 5 metres: 
from the border. This boulder contains an abundance of katapleite: 
and eudialyte phenocrysts, which show no variation in distribution: 
from that part of the boulder consisting of typical grennaite to that! 
consisting of the white rock. The rose coloured crystals of eudialyte i 
a white groundmass here give the marginal facies a very conspicuous! 
appearance. 

The eudialyte and the katapleite of the marginal facies have quite: 
the same appearance as in ordinary grennaite, and so have feldspar,’ 
nepheline and natrolite. The aegirite of the marginal facies has however 
a lighter colour than usual. It is pale yellowish green with insignificant 
pleochroism. The extinction angle is the same as for usual aegirite, 
X Ac =8°. This aegirite very much resembles that of a nepheline-soda- 
lite-syenite from Northern Rhodesia, described as aluminous aegirite by 
Adams and Osborne (1932, p. 573). According to the description it is 
practically colourless and »...shows very faint pleochroism in brown 
and green in the prismatic sections». It is very probable that the light 
colour of the aegirite of the marginal facies of grennaite from Norra 
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Table 12. 
Analysis of the marginal facies of grennaite. Norra Kirr. 
Analyst: A. Bygdén, 1942. 


THE NORRA KARR DISTRICT. 


149 


Weight | 10000 
oF M Norm Mode, Vol % | Niggli’s system 
; 

eee ape 55.06 9131.) Or. 26.35 | Feldspar, z +116 
GES oe 0.002 Ab 28.67 kc pera 2 x 181 
5 ® A eer 1.04 85 | Nef. 40.30 | Feldspar, 2r 1.68 
ea Ola tanec ei 24.86 2482 -) Za... 1.56 | ground- 
ON See eee 0.26 Aaa (Es 1 96 mass 49 | al 48.2 
ae 0.48 a7 | == ‘88 Nepheline 38| fm 2.2 
POOR S ae ee 3 0.018 3 | wo 0.24 | Aeg rite lj ec 0.4 
EON terse: «ais oe 0.04 RO ie Odied saree. 0.03 | Eudialyte 5) alk 49.2 
OE eae 0.12 8 all Ga ae 0.24 | Katapleite 5 
Pree tos oh)... 0.00 fan 0.05 | Natrolite mg 0.09 
0 ea 0.00 ee 0.37 00 k 0.19 
a0......... 12.46 | 2010 | Na,SiO, 0.61 
G7 ol a 4.45 472 | mt..... 0.37 c/fm 0.18 
i Obes ia aoa Stahecisi 0.00 PLss a: 0.01 
H,0 > 105° 0.95 ae | 

10 < 105° 0.32 eit oat kes 

ae 0.01 HOR node be? 

| 100.07 100.07 


Quantitative System: I: 7:1: 4, Laugenose. 


Karr is due to a partial replacement of the ferric iron of ordinary aegirite 
by aluminium. 

Fluorite is occasionally seen, forming streaks running in a direction 
parallel to the schistosity. 

On comparing the analysis of the marginal facies (Table 12) with 
that of normal grennaite, it is seen that the main difference lies in the 
contents of iron, the marginal facies having much less ferric iron. 
We have undoubtedly had a migration of iron from the margin of the 
grennaite body into the surrounding granite, a supposition which is 
verified by the mineralogical and chemical relations of the fenite to be 
described later on. The mineralogical consequences of this migration 
upon the grennaite have been a decrease in the amount of aegirite as 
well as its aluminization, as compared with the aegirite of the typical 
grennaite. The variation in the alkali content lies within the possible 
limit of variation in grennaite. 

Comparing the norm of the marginal facies with that of ordinary 
ennaite, it is seen that the amount of salic minerals has increased 
onsiderably. The marginal facies shows no normative aegirite. The 
ecrease in ferric iron involves an enrichment of normative nephetine 
n relation to grennaite. We have therefore the reverse relation. in quap- 
ity between normative albite and nepheline as compared with ordinary 
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grennaite. The normative amount of nepheline corresponds rather well 
with the actual amount of this mineral. 

In the quantitative system the marginal facies of grennaite has the 
position 1:7: 1:4, Laugenose. ‘ 


A few centimetres from the boundary the rock becomes darker and 
at the same time more strongly schistose. The nepheline is completely 
decomposed into a turbid mass; aegirite does not occur but instead 
biotite is found and occasionally a grain of amphibole with dark bluish 
green colours. The turbid alteration product of nepheline has index 
of refraction below that of kollolite and is probably natrolite. Fresh 
natrolite, however, is also found, occurring in veins replacing nepheline 
and feldspar. The biotite occurs in small flakes sometimes terminated 
by pyramidal faces. It shows strong pleochroism with X: pale yellowish 
brown, almost colourless; Y: dark reddish brown, and Z: dark brown, 
almost opaque. The feldspar is unaltered and has the same appearance 
as in ordinaty grennaite. Fluorite is occasionally seen, forming streaks 
running in a direction parallel to the schistosity. 


f. Pegmatitic Schlieren of Grennaitic Composition. 


In some places rock types of medium- to coarse-grained texture have 
been found, which, but for the feldspars, contain the same minerals as 
grennaite but in different proportions. They stand in evident genetical 
connection with this rock. They occur as vein- and lens-like segrega- 
tions of different sizes, from small veins of a few centimetres wid:h 
to large lenses more than three metres in length. Only a few of the 
schlieren are so coarse-grained that they deserve the term pegmatite. 
In general the grain size is not more than 5 mm, so that the rocks are 
actually only medium-grained and sensu strictu no pegmatites. How- 
ever, owing to the relative coarseness of grain as compared with gren- 
naite, the schlieren give in the field the impression of having a pegmatitie 
development. Further, their mode of occurrence in grennaite is analogous 
to that of pegmatitic schlieren in granite and they remind one very 
much of these. 

Térnebohm was only aware of one occurrence of these rocks. It is 
situated on the top of a small hill and is exposed only in horizontal - 
section. This has an oval form and occupies a few square metres. Térne- 
bohm advanced the opinion (1906, p. 34) that this occurrence represented 
an eruption channel. Other occurrences of similiar rocks have proved, 
however, to be closed bodies and a blast on the side of the occurrence 
in question showed that it became more narrow at a deeper level. 
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The hypothesis of Térnebohm must therefore be rejected. As another 
alternative Térnebohm proposed that the rock had crystallized in a 
deep-seated section of the earth and had been brought to its present 
position by the eruption of a grennaite magma (katapleite syenite magma 
in the sense of Térnebohm). In the opinion of the writer this hypothesis 
must also be rejected. The mode of occurrence of these rocks strongly 
suggest that they crystallized in situ. Probably they are local crystalliza- 
tion products, the coarse-grained texture of which may be due to an 
accumulation of gases and solutions, which allowed the formation of 
larger crystals. 

The rocks from different occurrences of schlieren and even within the 
same occurrence may show considerable variation in mineral distribu- 
tion, but never so much that they cannot be regarded as varieties of the 
same kind of rocks. Most varieties can be characterized either as leuco- 
cratic or as melanocratic as compared with grennaite. The petro- 
graphical characteristics of the different varieties are best described in 
connection with the respective occurrences. 

Occurrence 1: Térnebohm has given a rather thorough description of 
the rock from the one occurrence of which he was aware. It is situated 
some 400 metres from the northern end of the district and in the central 
part of it. Here the rock is in the main equigranular and medium- 
grained with a grain size of about 4 mm. The mineral components aegi- 
rite, nepheline, microcline, eudialyte and katapleite can be recognized 
megascopically. The black aegirite and the rose coloured eudialyte are 
most distinctive. Nepheline has a greasy lustre and sometimes a pale 
reddish colour and is therefore easily distinguished from the colourless 
microcline. Katapleite is present in much smaller quantity than eudialyte 
and generally occurs in smaller grains. These grains are light reddish 
brown. Aegirite and also eudialyte are seen to be far more abundant 
than in grennaite. 

In the microscope it is seen that aegirite generally occurs in isolated 
individuals, in part euhedral in the prismatic zone and sometimes also 
terminated by pyramidal faces, in part anhedral and with fringed 
boundaries. Sometimes several aegirite individuals have gathered 
to form aggregates. 

Nepheline shows no signs of crystallographic development. It has 
numerous inclusions of microcline and sometimes albite. The nepheline 
is generally fresh but sometimes parts of it are decomposed into a turbid 
mass with index of refraction higher than kollolite, probably being of 
micaceous composition. It very much resembles the gieseckite pseudo- 
morphs as described by Ussing (1898, p. 121) from Akuliarusek, and 
by Quensel (1914, p. 169) from Almunge. 
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Microcline is anhedral like the nepheline. It has sometimes inclusions 
of albite. Independent albite individuals are only rarely found and are 
then strongly corroded by microcline. : 

Eudialyte is most often irregularly bounded but may show a sub- 
hedral development. It has sometimes inclusions of katapleite. Kata- 
pleite is the only component of this rock with a distinct euhedral develop- 
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Fig. 12. Pegmatitic schlieren in grennaite. Melanocratic type. Occurrence 1. 
: : : Analysis in Table 16.) 
A: albite, M: microcline, N: nepheline, Ae: aeg rite, K: katapleite, Eu: Eudialyte. 
Magnification: c. 13. 


ment. The katapleite crystals have the form of large laths sometimes a 
little resorbed by microcline and nepheline. They are often broken up 
into several parts and may be more or less crushed, but even then the 
original boundaries of the crystals are usually recognizable. 

The texture has a somewhat cataclastic character indicated by the 
just mentioned deformation of the katapleite crystals and by granulated 
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zones which consist of fragments of the larger individuals, especially 
microcline. In these zones natrolite is sometimes seen as the latest 
crystallization product. Natrolite also often replaces microcline and 
nepheline in the way described under grennaite. 

The texture of the rock shows no definite order of crystallization 
as is the case for pegmatites in general. Certain regularities can never- 
theless be observed: aegirite shows an inclination to crystallize before 
microcline and nepheline, and albite seems always to have crystallized 
after microcline. Katapleite has solidified at an early stage in the history 
of the crystallization (Fig. 12). 

The analysis of this rock (Table 16) will be discussed on p. 163. 

On the slope of the small hill where Térnebohm’s occurrence is situated 
the writer found two lens-like segregations with a maximum diameter 
of about half a metre. They had a more coarse-grained texture than 
the rock of the occurrence just described, but the mineral composition 
was the same. Characteristic of this variety is a light blue katapleite 
and a rose coloured nepheline giving the rock a remarkably beautiful 
appearance. Up to 30 metres distance from this locality the grennaite 
contains small veins and decimetre-long schlieren consisting of similiar 
rocks but generally containing less katapleite and eudialyte. 

Occurrence 2: This is situated some 250 metres from the Norra Karr 
farm in a southwesterly direction. In the side of a small outcrop, three 
metres high and twenty metres long, a group of horizontal schlieren 
of magnitudes varying from a few centimetres to about three metres 
extension are exposed. The genetical relationship between the schlieren 
and the grennaite is particularly well demonstrated at this locality. 
The schlieren are subparallelly arranged, the direction of elongation 
following the schistosity of the grennaite. The structure of the grennaite 
follows the shape of the schlieren, which have a certain influence upon 
the mechanical properties of the grennaite. Generally it is difficult to 
obtain a hand specimen of grennaite because the rock is hard and dense 
and shows no preferential cleavage direction. The grennaite in contact 
with the schlieren will, however, separate in plate-like specimens even 
on moderate hammering. 

This occurrence shows two main types of rocks, One type has a 
composition so similar to that of the rock from Occurrence 1, that they 
an be regarded as two varieties of the same type of rock. As mentioned 
bove, this type, as compared with grennaite, is far more rich in aegirite. 
n the other type aegirite occurs only as a subordinate mineral and 
ometimes the rock is quite devoid of it. Thus compared with grepnaite 
he one type may be said to be melanocratic and the other leucocratic. 
ommon to both is an enrichment of zirconium. In those schlieren which 
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are exposed the leucocratic type is quantitatively dominant. In th 
largest schlieren of about three metres length both types are present, 
Each type occupies one end of the schlieren and there is gradual tran- 
sition between them. 
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Fig. 13. Pegmatitic schlieren in grennaite. Melanocratic type. Occurrence 2. M: micro- 
cline, N: nepheline, Ae: aegirite, K: katapleite, Eu: eudialyte. Gray is kollolite. 
Magnification: c. 13. 

The main minerals of the melanocratic type are microcline and aegi- 
rite. The melanocratic schlieren show, however, varying amounts of 
nepheline. In some schlieren the rock will be rich in nepheline, while in 
the adjacent ones it may be almost absent. The rock is rich in katapleite, 
while eudialyte is not so abundant (Fig. 13). 

Microcline occurs in individuals of about five mm diameter, sometimes 
larger. Aegirite generally forms asteroid or sheaflike aggregates of about 
five mm size, but is also found in single individuals, which are then larger 
than the individuals composing the aggregates. Natrolite mostly occurs 
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interstitially between the other minerals in the form of ageregates 
However, natrolite veins often run into microcline individuals ae ee AS 
them. These veins generally have a natrolite aggregate as a base. The 
natrolite veins are turbid as are in part, the aggregates, Katapleite is 


Fig. 14. Pegmatitic schlieren in grennaite. Leucocratic type. Occurrence 2. (Analysis 
in Table 17.) A: albite, M: microcline, N: nepheline, Eu: eudialyte. 
Magnification: c. 13. 


most often developed in prisms of three—four mm length, but may 
occasionally show anhedral forms. Eudialyte is always anhedral. 

A definite sequence of crystallization cannot be established. It can 
only be said that aegirite and katapleite show a tendency to crystallize 
before the other minerals and that natrolite has been the last mineral to 
crystallize. 

The main minerals of the leucocratic type are microcline, nepheline 
and eudialyte. These minerals are equigranular with an average grain 
size of about four mm. Microcline and nepheline are quite anhedral 


6 
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but eudialyte may show a slight tendency to idiomorphism. No defini 
order of crystallization can be observed between the main minera 
(Fig. 14). 

The subordinate minerals are albite, aegirite and katapleite. Albite 
is rather regularly distributed throughout the rock. It occurs in laths of | 
one to two mm length, twinned after the albite law. The individuals are 
generally found as inclusions in nepheline and microcline, but also occur | 
interstitially between the main components. Albite is much corroded 
by microcline, but has retained its original habit when bordered by — 
nepheline. An albite lath sometimes extends from one nepheline indi- 
vidual into another or into a microcline individual. In the latter case 
that part surrounded by nepheline shows strong idiomorphism, whereas — 
the other part is more or Jess resorbed, often to such an extent that parts 
of it are detached from the main crystal. The aegirite grains are of 0.5— 
1.0 mm size, sometimes quite anhedral and sometimes with rather well 
developed prism faces. They are occasionally found as inclusions im 
eudialyte. Katapleite occurs rather irregularly. It forms broad prims 
of one or two mm length, two or three prisms generally being in company. 

In summing up the characteristics of the two rock types of this oc- 
currence one may say: Microcline is an important mineral in both rock 
types. In the leucocratic type nepheline is the dominant mineral, 
whereas it occurs in varying amounts in the melanocratic type. In the 
leucocratic rock aegirite is only found occasionally and in small grains. 
In the melanocratic rock aegirite is a principal mineral and occurs in 
grains of the same size as microcline and eudialyte. Both the absolute 
and the relative amounts of eudialyte and katapleite vary in both rock 
types. Eudialyte is the more abundant of these two minerals, but 
there seems to be an enrichment of katapleite in the melanocratic type. 
In the leucocratic type albite is rather common but in the melano- 
cratic type it is rarely found. 

Occurrence 3: In the southeastern corner of the district the grennaite 
is penetrated by a multitude of small schlieren, the largest not more 
than two decimetres long. They consist essentially of aegirite, micro- 
cline and nepheline, the latter altered into a turbid material with higher - 
index of refraction than kollolite, probably being gieseckite pseudo- 
morphs. Katapleite and eudialyte are also present but to a much smaller 
extent than in the occurrences previously described. A very characteristic 
constituent of this occurrence is a colourless or pale brownish mineral 
aggregate which has been determined to be prehnite. 

Microcline occurs in somewhat elongated individuals of about five 
mm size. They are in part euhedrally bounded by nepheline. The nephe- 
line pseudomorphs are quite anhedral. They are also generally elongated 
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with the longest axis parallel to the elongation of the schlieren. Most 
nepheline pseudomorphs have small inclusions of microcline which are 
perfectly fresh, like the independent microcline individuals. 

Aegirite and katapleite occur in isolated individuals of three to four 
mm length, generally euhedral after the prism zone. Kudialyte is 
quite anhedral and forms grains of one or two mm diameter. Albite 
occurs as a subordinate constituent, most often enclosed in microcline 
and corroded by this mineral. Natrolite is found only occasionally and 
then with the same mode of occurrence as already described in the first 
and second occurrences. Prehnite is seen to replace the nepheline pseudo- 
morphs and sometimes also katapleite. Prehnite in its turn is partly 
teplaced by natrolite. The prehnite aggregates occur on the border 
between grennaite and the schlieren. They are seen to grow, with the 
grennaite as a base, into the schlieren. 

One of the schlieren at this occurrence is different from the others. 
It consists mainly of centimetre-large gieseckite pseudomorphs after 
nepheline dotted with clusters of aegirite. The gieseckite pseudomorphs 
have megascopically a pure white colour which, being spotted with 
black aegirite and coloured eudialyte, give the rock a conspicuous appear- 
ance. Kudialyte is found in grains of three to four mm size, sometimes 
with a core of katapleite and with aegirite inclusions. Independent kata- 
pleite crystals were not observed. Microcline occurs in somewhat smaller 
amounts than eudialyte, in two to three mm large individuals, quite 
anhedral like the gieseckite pseudomorphs. The microcline often has 
more or less corroded inclusions of albite laths, one to two mm long and 
consisting of a couple of albite twins. The albite laths may also occur 
in aggregates. 

Occurrence 4: This is situated on the western side of the road from 
Norra Karr to Lakarp, some fifty metres from Occurrence 1 in a westerly 
direction. The schlieren are here mostly some decimetres long. Most 
schlieren consist mainly of gieseckite pseudomorphs of nepheline and 
atapleite whereas others contain much aegirite and microcline and 
sometimes albite aggregates. ae 
The katapleite of this occurrence has a brick red colour as distinct 
om katapleite in general which is brownish red, except in one occur- 
ence where it is light bluish. Under the microscope it is seen that the 
atapleite is pigmented with reddish spots. The peculiar colour is due 
o a decomposition of the katapleite, probably producing some variety 
f iron oxide or hydroxide. 

Boulders: In some of the ditches through the bogs of the southern 
art of the district, boulders of some decimetres diameter are found, 
hich have been exposed during the digging of the ditches. They have 
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probably been brought up from the underlying bed-rock by the season 
thawing. Most of the boulders have very much the same appearance 
as many of the schlieren, but some of them are considerably mo: 
coarse-grained than any of the schlieren found in solid rock. Th 
boulders may have microcline crystals of five to seven centimetr 
magnitude and nepheline individuals of almost the same size. Kat 
pleite occurs in perfectly euhedral crystals of one to two centimetres 
length, and eudialyte is found in anhedral grains of about one centi- 
metre diameter. | 


As seen from the above descriptions, grennaite and the pegmatiti¢ 
schlieren are in the main constituted of the same minerals, nepheline, 
aegirite, katapleite, eudialyte and natrolite being common to both. 
The feldspars are, however, different, grennaite containing anorthoclase 
whereas the pegmatitic schlieren contain microcline and albite. The 
minerals of the schlieren show some peculiarities not observed in gren- 
naite e. g. decomposition of the nepheline into gieseckite pseudomorphs 
and different katapleite varieties. Together with the description of the 
feldspars, a complementary description of the other minerals will 
therefore be given. 

Microcline is the most essential mineral of the pegmatitie 
schlieren. The larger individuals may be in part crystallographically 
bounded, whereas the smaller ones are developed as anhedral grains. 
Under the microscope no difference can be seen between the microcline 
from different occurrences as to their general appearance. They all 
have the same characteristic crosshatched twinning texture, more or 
less regularly developed. The microcline is perfectly homogeneous. 
Not even with the highest magnification can any signs of perthitie 
texture be detected. Microcline from different occurrences may show 
slight variation in optical properties. A specimen from Occurrence 1 
had the following indices of refraction: 

a: 1.519 

B: 1.528 

y: 1.526 
and an axial angle 2Va = 65°. 


An alkali determination on this microcline, which had sp. gr. 2.57, 
was carried out by R. Mauzelius with the result: 


tS BRST Soe ea Sa eae a 12.32 Weight % 
aN GSU) PeeWee CS Peat iar ES «6 See go 5512 » 


This corresponds to 73.0% Kf and 26.5 Naf, thus representing a very 
pure alkali feldspar. 


¢ 
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Table 13. 
ee) 
1 2 
Weight % | Weight % 
C5 63.74 | 64.72 
BO cas <5 5 18.25 18.35 
Pe OsChtens see. 0.36 
>) nen 0.11 
LEO See 0.09 | 
SIO reg ace ce 0.00 | 
INGO aac. 0.77 
LADS Se ee 16.19 16.93 
BEAN TS. sti. | 0.00 | 
ie ee 0.3 
CO Roce te ce < 0.1 
EEO Ss, are 0.05 ht - 
99.86 | 100.00 


1. Microcline from pegmatitic schlieren. Norra Karr. Analyst: Naima Sahlbom, 1925. 
2. Theoretical composition of pure potash feldspar. 


A microcline specimen collected by Nils Zenzén during a visit to 
Norra Karr has been analyzed by Naima Sahlbom (Table 13). The 
material on which the analysis was made consisted of pieces about five 
centimetres large, very like the microcline from the boulders just 
mentioned. The analysis corresponds to some 93 % Kf, some 6 % Naf 
and 1% Rbf, thus being a very pure potash feldspar. The indices of 
refraction were: aLhIe-- 


B: 1.522 
y: 1.525 
and the axial angle 2Va = 65°. 

Albite occurs as a subordinate constituent in most of the peg- 
matitic segregations. Only in the leucocratic type at Occurrence 2 is 
it found in greater amount. It is always quite fresh. Generally it has 
the form of long latbs consisting of a couple of albite twins. In Occur- 
rence 1, however, many of the albite grains are untwinned. In contact 
with microcline it is seen to be severely corroded by this mineral. None 
of the other minerals have had any corroding effect upon it. The indices 
of refraction and the extinction angles indicate a very pure albite. The 
optical properties were found to be: 

a: 1.529 
B: 1.533 
y: 1.539 
Vy = 80°. 
he extinction angle in the symmetrical zone was 17°. 


The determinations of Li,O, Rb,O and Cs,0 have been carried out at the Geochemical 
boratory of the Boliden Mining Company. The figures for these determinations have 
een deducted from the original K,0 value 16.49. 
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Nepheline occurs partly fresh and partly decomposed. It shows — 
various colours from light gray to reddish. Generally nepheline does | 
not show any kind of crystallographic development. In some of the | 
boulders, however, almost completely decomposed nepheline individuals | 
with distinct crystal forms have been observed. The indices of refra 
tion of the fresh nepheline were: 

wm: 1,534 . 

é: 1.530. . 
The differences between these figures and those of the nepheline belong- | 
ing to the grennaite lie within the limit of error of the immersion method. . 

The nepheline pseudomorphs have megascopically a white colour, , 
Under the microscope they are seen to consist of a light brown, turbid | 
material with medium index of refraction 1.590. As mentioned above } 
it is probably identical with the gieseckite pseudomorphs (Ussing 1898, , 

. 121). 
j Ae ne ite from different occurrences shows the same optical | 
properties, which are almost identical with those of aegirite from | 
grennaite. 

X Ac =2—3° 
2V a ==.60%. 


X: brownish green, Y: yellowish green, Z: yellowish green. 
Xe SS ae 


Dispersion is distinct r > v. Twinning after (100) is rather common, , 
particularly in the large aegirite individuals of the melanocratic type.. 
The aegirite of the pegmatitic schlieren is always dark green, whereas | 
the aegirite of grennaite has a much lighter green colour. 

Eudialy te has in general entirely anhedral forms. Megascopically ' 
it has a bright rose colour, giving a conspicuous appearance to the rock ; 
containing it. Under the microscope it is however colourless. The ex-. 
tinction is most often not uniform, generally showing some kind of zonal | 
structure. Some individuals may have a core of katapleite. All grains’ 
of which it has been possible to obtain a suitable interference figure | 
have shown an optically positive character. The indices of refraction are | 
exactly the same as those for the eudialyte belonging to grennaite: 

ws 1617 
en b621, 


Katapleite in most occurrences has a brownish red colour. 
Only in one occurrence is it light bluish. Both varieties show quite the 
same habit, forming centimetre-large euhedral individuals bounded by 
prismatic and pyramidal faces. Under the microscope no difference can 
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Table 14 
1 2 3 4 5 
I | | 
eee 
Pianeta 44,20 43.69 43.14 | 438.99 44.70 
an er tae 31.82 | 32.00 29.16 | 380.80 | 30.85 
NG Oh eta cia ttns — | — 0.79 | — 
1 GT BN hapa ipo os 0.22 0.27 Ove | 0.10 Oa 
LAOS cs A fe | S30 | ale | 2.26 0.81 
NBO eos ss 8.93 12.62 | 13.59 | 15.05 14.09 
5 ee 0.24 0.14 
PORE fincas os 9.26 | 8.63) | 10.752 9.24 | 9.07 
99.74 | 100.57 | 100.00 99.92 99.42 
Sp. gr. 2.790 Sp. gr. 2.781 


1. Lime-soda katapleite. Langesundsfjord. Brogger, 1890, p. 456. Analyst: Weibull. 
2. Brownish red katapleite. Norra Karr. Térnebohm, 1906, p. 18. Analyst: R. Mauzelius. 
3. Light bluish katapleite. Norra Karr. Analyst: A. Bygdén, 1943. 

4, Soda katapleite. Langesundsfjord. Brégger, 1890, p. 456. Analyst: Cleve. 

5. Katapleite. Narsarsuk, Greenland. G. Flink, 1899, p. 102. Analyst: G. Flink. 


e seen between the two varieties. They give the same beautiful inter- 
erence figure as the katapleite phenocrysts of the grennaite, previously 
escribed. 

In contrast to the phenocrysts they are remarkably free from in- 
lusions. The brownish red variety has the same indices of refraction 
s the katapleite of the grennaite a ~f: 1.585 and y: 1.603, whereas the 
ight bluish variety shows slightly lower figures a ~f: 1.582 and y: 1.609. 
he brownish red variety is probably nearly identical with the kata- 
leite of the grennaite which had a grayish white colour. This colour 
ay, however, be due to the abundance of feldspar and nepheline 
clusions in the phenocrysts. 

Brégger (1890, pp. 435, 456) distinguished two kinds of katapleite 
om Langesundsfjord: lime-soda katapleite and soda katapleite. The 
rmer had yellow brown to reddish colours and the latter was bluish. 
he two varieties from Norra Karr are in appearance very similiar to 
e corresponding varieties from Langesundsfjord. In Table 14 two 
presentative analyses of the katapleite varieties from Langesunds- 
ord are given together with the two analyses available of the varieties 
om Norra Karr. For comparision an analysis of katapleite from Green- 
nd is added. It is seen that the varieties from Norra Kirr occupy an 
termediate position between the varieties from Langesundsfjord. 
Under the description of Occurrence 4 it was mentioned that the 
tapleite here had a brick red colour and that under the microscope 
was seen to be pigmented with reddish spots. The colour of the pig- 


1 H,0O has not been determined. The figure given is derived by difference. 


11—440060. G. F. F. 1944. 
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Table 15. 


1 | 2 
ee 
LO prevers crete fo 43.44 43.69 ‘ 
EOS ttee ass 26.98 32.00 
AL Opriass «tee 2.89 — j 
EO nce atese.s 0.55 0.27 
aD) Sshis tee ab. 8.47 5.02 
Nag O ccc aterorennct « 6.49 12.62 
Te, eeici tees 0.10 0.24 
RKO Mpc ora 11.08? 8.63 
| 100.00 | 100.57 


1. Decomposed brick red katapleite, Norra Karr. Analyst: A. Bygdén, 1943. 
2, Brownish red katapleite. Norra Karr. Térnebohm, 1906, p. 18. Analyst: R. Mauzelius. . 


ment material indicates that it is an iron compound. It may be that the | 
original content of iron in katapleite has separated to form a new mineral | 
phase. The brick red katapleite has the same habit as the two varieties | 
of katapleite already described and megascopically it only differs from | 
these in colour. The analysis of the brick red katapleite is compared | 
with the ordinary brownish red katapleite in Table 15. The main differ- - 
ence is seen to be the ratio between lime and sodium. There is, however, , 
no evidence that the variation in this ratio is the result of alteration | 
processes. It is quite possible that there was a primary difference in the: 
content of lime and sodium in the two katapleite specimens. In that case: 
the brick red katapleite represents a variety of lime-soda katapleite : 
even richer than Brégger’s original type. 

Natrolite is present in a considerably varying amount in diffe-. 
rent specimens, even within the same occurrence. It is the most irre. 
gularly distributed mineral of the pegmatitic schlieren. It has the: 
same mode of occurrence as in grennaite, partly occurring interstitially | 
between previously crystallized minerals, partly replacing microcline! 
and nepheline. Natrolite is generally fresh but sometimes it is more or 
less turbid, especially when it has the last mentioned mode of occurrence. 
The optical properties are the same as for natrolite belonging to gren- 
naite: 

a: 1.478 

B: 1.483 

y: 1.492 
2Vy = 60°. 


The dispersion is weak r < v. 


1 H.O has not been determined. The figure given is derived by difference. 
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Table 16. 


Analysis of pegmatitic schlieren in grennaite. Melanocratic type. 
Norra Karr. 


Analyst: R. Blix, 1943. 


Weight 1000 | 
| roth, Baer 0 Norm —_| Mode, Vol % | Niggli’s system| 
| 
SE Ge ee 
ee 52.82 | 8759 | Or .... 25.23 Microcline qz 102 
MIO occ cencs 0.08 LO) pAb «oe. 24.67 Kf,,Naf,, 35 | si 166 
OS ie recs ok 2.52 205 | Nef.... 25.20] Albite D7) ti 0.19 
0 18.46 * 806 | Bless: 0.07 | Nepheline 30 | ar 3.90 
i oC areas Sew & aaa ca VEE 3.75 | Aegirite 15 
| UNS 19 Seal. 7299 | Hudialyte 5 | al 34,4 
ith ......... | 0.26 Be Pree POOR E peta nlais 10 t:. 75 
ER a eee 0.13 ea WOrswce OG te Nee am mall" 4.1 
age | 1.21 216 |en.... 0.32 oc et ae BE 
0 ee trace Pa tae.ce 9.30 
"20 See 10.95 1 766 | Na.SiO, 2.52 | mg 0.03 
AS ee eee 4.26 Yi el ee 0.15 | k 0.20 
Os Sa 0.00 Mb © AST 
HO> 106°... | 61.52 | pre... 0.06 c/fm 0.21 
ee ose | Sfem.. 19.23 
oe ee 0.04 De arts 
fees was 0.03 99 89 
| 99.91 | 
Less O for Cl,S 0.02 ) 
di ee ) 
| 99.89 | 


Quantitative System: IT: 6:1:4, Lardalose. 


Prehnite is found only in Occurrence 3, and here it occurs as an 
uxiliary constituent. It forms four to five mm large, fanlike ageregates 
hich are built up of rectangular lamellae radiating from a centre. It 
as intense blue anomalous interference colours. The extinction is very 
rregular, showing the typical and peculiar characteristics of this 
ineral. The optical properties are: 

a: 1.613 

B: 1.623 

y: 1.642 

2Vy = 65°. 

ispersion is weak r > v. It has positive elongation. 


Chemical analyses of the two most important types of pegmatitic 
cks have been made, that from Occurrence 1 (Table 16) and the 
redominant type in Occurrence 2 (Table 17). As compared with gren- 
ite the first one can be characterized as melanocratic and the second 
leucocratic, as has been pointed out previously. Both analyses show 
e characteristic features of grennaite, high content of sodium and 
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Table 17. 
Analysis of pegmatitic schlieren in grennaite. Leucocratic type. Norra Ka 
Analyst: Thelma Berggren, 1942. 


; Miowii 
ag 10000M| Norm | Mode Vol% ha 
2 . 
i ie l 
ase caer a 52.60 | 8723 | | Ore... 34.33 | Microcline gz + 96 
Wied. dase reitte 2 0.03 | 4 1A . 19.91 | (Kf,,Naf,,) 40, si 177 | 
VAL a ne 1.95 159 | rene . 2.79 | Albite 7 | ti 0.08 
ES VEU) 2 2 Barca cise) 0.62 | 21 | Nef... 29.41 | Nepheline 33 | zr 3.86 
oe Ore inn 0.33 10 | HI.... 0.11 | Aegirite 2 | 
AL Opts aaieteay. \ 21.73 91296 | 2 3.95 | Eudialyte 12 | al 45.1 
eee ee | 0.50 | 31 |) 90,50 | Satepleite 3)/ fm 63 
beet <deag st | 0.76 106. ee Natrolite 3\¢ 5.4 | 
MAD Want, Anse | 0.31 44 | wo 1.62 | 79 | alk 48.2 
MpOm 2 ose jn SORES: 82 en 0.58 | | 
GEOR Sarees 1.42 253 fs ana 1.07 m, 0.28 | 
Sr Ortaca tae 0.022 2 fo 0.17 | k 0.30 
BAO ee ecrte dees 0.00 | P £052. cpots Uso ) 
ONG) Pereren etter 8.80 1419. SVL eis | e/fm 0.12 
Ls hap oe eee 5.79 | 615 | mt 0.72 
JOE a ed ae oem =<) U:0 00a fotos 0.15 
SOecmcccee sel 0.00 oe ees 
H,O> 105°...| 4.40 et Ni 
MH OF 105° 2 0.40 H,O 4.30 ; 
deere 0.06 32 : 
ee ic 0.08 A? a, | 
100.01 | : 
Less O for F, Cl 0.04 | 
| 99.97 | 1 


“= = —— * 


Quantitative Seiterns Le 6cthess Mischiees 


1. La,O, 0.044; Ce,0, 0.129; Pr,O, 0.017; Nd,O, 0.113; Sm,0, 0.027; Eu,0, 0.004; | 
(2Ce,0, 0.33); Gd,O, 0.028; ThO, 0.004; Tb.O, 0.008; Dy205 0.044; YO, 0.409; | 
Ho,0, 0.004; Er,0, 6. 020; Tu,O, 0.004; Yb,O, 0.015; Cp,0, 0.004; (2Y205 0.52). 

2. The lanthanides are included with ZrO, in the calculation of normative zircon. 


zirconium, very small amounts of manganese and magnesium and an 
insignificant amount of titanium. They differ, however, in iron content, 
Table 16 showing a considerably higher amount of iron, whereas Table: 
17 shows a much smaller amount than in grennaite. Among themselves: 
the main difference is also the iron content. The lanthanides were only 
determined in the leucocratic rock. A lanthanide determination for the: 
melanocratic rock would probably show a much smaller amount, be- 
cause katapleite here dominates strongly over eudialyte and katapleite: 
seems to be devoid of lanthanides (see Table 7). The determinatiors 
(Table 17), which were performed by means of X-ray spectrographical 
analysis at the Geochemical Laboratory of the Boliden Mining Com- 
pany, show that there is a somewhat greater amount of yttrium 
lanthanides than of cerium lanthanides. a 
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Fig. 15. Niggli diagrams showing the variation between grennaite and the _pegmatitic 
schlieren in grennaite. Grennaite is represented by a cross, the leucocratic schlieren by an 
open circle and the melanocratic schlieren by a solid circle. 
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Comparing the norms of the two analyses, it is seen that the melan 
cratic rock has a more alkaline character than the leucocratic, contai 
normative sodium metasilicate, whereas the leucocratic has sufficien: 
aluminium to form normative anorthite. The melanocratic rock is ev 
more alkaline than grennaite, falling into Ussing’s agpaite subgroup 
the nepheline syenite family (see p. 180). 

In the quantitative system the melanocratic rock has the position 
IL: 6:1: 4, Lardalose, whereas the leucocratic rock has the same po- 
sition as grennaite I:6:1:4, Miaskose. 

The variations in chemical composition between grennaite and the 
pegmatitic schlieren are demonstrated in the Niggli diagrams i in Fig. 15. 
It is seen that the melanocratic rock shows a decrease in al and an 
increase in fm as compared with grennaite, whereas the leucocratie 
rock shows an increase in al and a decrease in fm. ¢ and alk show only 
slight variation. 


Some 20 metres north of the Norra Karr district, some decimetre- 
large boulders of a white sugar-grained rock, consisting essentially of 
feldspar and with some amphibole, are found. The grain size is about 0. 2 
mm. The boulders have undoubtedly belonged to the Norra Karr di- 
strict. Even after a thorough search it was not possible to find this rock 
in place. 

Under the microscope the rock is seen to consist essentially of albite, 
a great part of which is untwinned. The medium index of refraction is. 
somewhat lower than that of kollolite, 1.534, indicating almost pure 
albite. Microcline with characteristic grating texture occurs in subordi- 
nate amounts. Amphibole is somewhat more abundant. It occurs as 
aggregates arranged in parallel zones of a few mm width and at intervals 
of some centimetres. A few grains of fluorite can also be observed. The 
optical properties of the amphibole are: 


Y2=b, X foe 1st 
2Ny == 60° 
X: bluish green, Y: bluish green, Z: pale yellowish green 
PAE Seay A 
B: 1.652 + 0.005 
y—a= 0.006. 
Dispersion is strong r > v. 


The extinction angle and the pleochroism indicate an alkali amphibolla 
It is, however, not identical with any of the other alkali amphiboles . 
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from the Norra Karr district, to be described later on. The positive 
optical character of the mineral is worthy of mention, most alkali 
amphiboles being negative. Some riebeckites are, however, positive. 
The amphibole resembles riebeckite also in its low double refraction, 
The extinction angle is, however, greater than that reported for any 
riebeckite and the indices of refraction much smaller. 


B. Enclosed Rocks... 


Different kinds of rocks occur as inclusions in grennaite. Common 
to all of them, in contrast to grennaite, is a phanerocrystalline texture. 
They have been observed at eleven localities, covering an area of less 
than one tenth of the Norra Karr district. Though they occupy only 
a subordinate part of the district, they are of as great an interest as 
the main rock, and are of especial importance in the genetical inter- 
pretation of the district. 

The phanerocrystalline rocks occur in separated areas, most of them 
situated along the border of the district, particularly in its northwestern 
part. They are all elongated in a north-south direction, having the form of 
narrow or broad ovals. They are of various sizes, from some 5 metres 
to about 150 metres in length. The main areas are sometimes followed 
by small bodies of two or three decimetres diameter occurring in the 
immediate neighbourhood of the main area and consisting of the same 
rock. The contact relations of the enclosed areas with the surrounding 
grennaite indicate that the phanerocrystalline rocks are older than 
grennaite, the bodies conforming to the direction of foliation in gren- 
naite. 

The phanerocrystalline rocks of the Norra Karr district display con- 
siderable variation in chemical and mineralogical composition. Chemical 
analyses show that they vary from Lardalose over Akerose and Umpte- 
kose to Nordmarkose, as expressed in terms of the quantitative system. 
Petrographically they may be divided into five rocks, three of which 
belong to one mineralogically well-defined group, which is clearly 
distinguished from the other two rocks. One of the rocks may be properly 
referred to as pulaskite, whereas the others cannot be distinguished by 
petrographical terms now in use. For the sake of convenience the names 
lakarpite! and kaxtorpite were therefore introduced, derived from two 
farms situated within the Norra Karr district. According to their zir- 
conium contents the rocks may be classified as follows: 


1 As mentioned above (p. 121), the term lakarpite has been used in a broader sense 
by Térnebohm without any petrographical distinction. 
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I. With low zirconium content, entering into rosenbuschite. 
Lakarpite (arfvedsonite-albite-nepheline-syenite). 
Pulaskite. 

II. Zirconium-free or with trifling amounts of zirconium. 
The Kaxtorpite group. 
pectolite-eckermannite-aegirite-nepheline-syenite. 
eckermannite-aegirite-nepheline-syenite. 
eckermannite-aegirite-syenite. 


Fig. 16. Massive lakarpite. Aggregates of arfvedsonite a i 
; ai: ; ear black. The whit 
essentially albite and nepheline. (Photo S. Hedlund.) Magnitiatnas 1 = 


The quantitative distribution of the different rocks may be studied in 
the accompanying map. 
1. Lakarpite (arfvedsonite-albite-nepheline-syenite). 


Lakarpite is a medium-grained rock with grain size about three mm, 
consisting essentially of albite, arfvedsonite and nepheline. In smaller 


Bd 66. H. 2.] THE NORRA KARR DISTRICT, 169 


amounts the following minerals occur, mentioned in order of their 
abundance: microcline, rosenbuschite, fluorite, apatite and titanite. 
In certain varieties two minerals are found as accessories, lavenite and 
one mineral which has not been definitely identified. Lakarprte occurs 
in partly massive, partly schistose varieties, the latter showing 
evidences of cataclastic deformation. 


a. Field Observations. 


Lakarpite has been found at two localities. The main occurrence is 
situated on the western side of the road between the farms Lakarp 


Fig. 17. Massive lakarpite. Black areas are arfvedsonite. White areas are albite and 
nepheline. The grayish prismatic crystals and radial needles are rosenbuschite. //nicols. 
Magnification: 10. 


and Norra KaArr, where this road cuts the border between the provinces 
of Ostergétland and Smaland. It forms an oval area about 30 metres 
long and 15 metres wide, showing a well defined contact with the sur- 
rounding grennaite. The lakarpite is in the main highly schistose, the 
schistosity being parallel to the long axis of the lakarpite area which 
again is parallel to the schistosity of the grennaite. The structure of the 
akarpite does not, however, conform with the border. At both ends of 
he area the structure is seen to be at right angles to the border-line. 

The rock type which attracts greatest attention at this locality is a 
assive lakarpite variety which forms a couple of well rounded, almost 
ircular bodies of 1.5 metres diameter surrounded by the schistose 
ariety. The arfvedsonite shows here a marked tendency to collect 
n clusters consisting of half a dozen individuals. These arfvedsonite 
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clusters are regulurly distributed throughout the rock, giving it a peculil 
spotted appearance. The grain size of the massive lakarpite is somewhat | 
larger than that of the schistose variety. In mineral composition the | 
two varieties in no way differ from each other. The relative proportions § 
between the different minerals may, however, show some variation. | 


Soe 


as . 


5 \ 


ry 
"he AROS —% 
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Fig. 18. The border zone of lakarpite, near the contact with grennaite, showing evidence | 

of intermixture with material from the grennaite. A: albite, Ar: arfvedsonite, R: rosen- 

buschite, K: katapleite. The gray area on the left is a void in the thin section. Magnifi- 
cation: c. 13. 


There is in general a smaller amount of arfvedsonite in the schistose | 
variety than in the massive. Both varieties may also among themselves 
show a good deal of mineralogical variation, particularly in the distri- 
bution of nepheline, which often gathers in certain parts of the rock, 
whereas it is only sparsely represented in others. 

In the interspace between the two circular bodies of massive lakarpite 
occurs a lakarpite variety which sometimes has a porphyritic appear- 


Bd 66. H. 2.] THE NORRA KARR DISTRICT. 17] 


ance. Under the microscope it can be seen that the texture is actually 
pseudoporphyritic and caused by granulated zones of feldspar surround- 
ing some of the albite individuals. The lakarpite is at this place very 
inhomogeneous. Sometimes accumulations of microcline are seen in 
certain parts of the lakarpite body. Rosenbuschite is present in almost 
the same amount as in ordinary lakarpite, whereas arfvedsonite only 
occurs as an auxiliary constituent. Térnebohm (1906, p. 19) described 
this rock as forming a dike of about one decimetre’s width, reporting 


N _ 
mr! 


G 


Fig. 19. Contact of grennaite with lakarpite (vertikal section). L: massive lakarpite, 
Ls: schistose lakarpite, M: accumulations of microcline, G: grennaite, Gm: marginal 
facies of grennaite. 


that Hamberg had observed it intersecting the massive lakarpite. 
During the field work I was able to rediscover Hamberg’s original 
locality, but found that the microcline-rich rock had been completely 
emoved by blasting. A fresh blasting at the above mentioned locality, 
hich is situated only a couple of metres from Hamberg’s locality, 
xposed the same rock again. Here, however, it can by no means be 
egarded as forming a dike, occurring as small areas of a few deci- 
etres’ magnitude, connected to the ordinary lakarpite by all kinds of 
ransitional types. 

The structure of grennaite can be seen to follow the circumference 
f the lakarpite area, indicating that it solidified after the formation 
f the lakarpite. The lakarpite is more schistose along the border than 

the central parts of the lakarpite area, but otherwise no difference 
etween the lakarpite of the margin and that of the centre can be seen 
egascopically. Under the microscope one can, however, observe grains 
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of katapleite and aegirite in the border zone of the lakarpite bod 
undoubtedly derived from the grennaite (Fig. 18). Grennaite has in 
general retained its common appearance up to the very contact. O 

at one place are the features different, as can be seen from the accom- 
panying sketch (Fig. 19). The grennaite has here a white marginal — 
zone of about two centimetres width (Gm). Under the microscope it 
is seen to be devoid of aegirite. The same feature has been observed 
on a larger scale at the contact of the grennaite with the Vaxi6 granite 
(see p. 148). The white grennaite zone occurs where the border line 
describes a curve between the two bodies of massive lakarpite, ye 
are situated near the border in the central part of the lakarpite ar 

The contact relations between lakarpite and grennaite point on 
the whole to the conclusion that lakarpite is older than grennaite. 
Conclusive evidence, such as grennaite veins intersecting lakarpite, 
has however not been found. The contact relations at other parts of | 
the border are on the contrary rather dubious. Thus at one place the 
lakarpite is seen to send apophyse-like projections into grennaite, | 
first sight giving the impression of being a later erystallization product | 
than grennaite. A closer inspection shows, however, that the structure 
of the grennaite follows the contact, and a microscopical examination 
of the contact rock shows that arfvedsonite is substituted to a consider- 
able extent by aegirite. Katapleite and eudialyte are also found here, 
both minerals alien to the typical lakarpite but characteristic of gren- 
naite. It seems that lakarpite was mobilized before the crystallization | 
of the surrounding rock began, and to such extent that the (with respect | 
to this process) original lakarpite body attained a new configuration 
under influence from the surrounding rock. 

It is worthy of mention that the white marginal zone of grennaite 
only occurs where the two small bodies of massive lakarpite are situated . 
in the immediate neighbourhood of the border between the lakarpite 
area and grennaite. It may be that the massive lakarpite has not been 
mobilized, in contrast to what is supposed for the schistose lakarpite. 
It is conceivable that the schistose lakarpite was so heated before the | 
crystallization of the surrounding rock that it allowed a great deal of | 
assimilation to take place of all components of the grennaite, whereas | 
near the massive lakarpite the grennaite crystallized more rapidly, 
promoting the development of a marginal facies of grennaite similiar 
to that occurring at the boundary with the granite (see p. 148). 

The contact relations cannot be studied at the second occurrence of 
lakarpite situated close to the Norra Karr farm. Only a schistose 
variety of lakarpite is found here. It has a somewhat larger grain size 
than the schistose variety of the first occurrence, but otherwise shows 


) 
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no remarkable features distinguishing it from the varieties already 
mentioned. 


b. Mineral Description. 


The Feldspar Group. Albite is the dominating felsic mi- 
neral in lakarpite. It has megascopically a violet colour due to the 
pigmentation of fluorite. Microscopical examination shows that all 
ndividuals have very fine polysynthetical twin lamellae. Twinning 


Fig. 20, Accumulations of microcline with an abundance of rosenbuschite. Aggregates 

of rosenbuschite are seen at the bottom, in the upper part of the right-hand side 

(indicated by arrows) and in the upper left-hand quarter of the picture. x nicols, Magni- 
fication: 10. 


has only been observed according to the albite law. The individuals 
have generally very ragged boundaries, but nevertheless a marked 
tendency to crystallographic development parallel to the albite twins 
is perceptible. 

The optical properties are those of a very sodic plagioclase, the ex- 
tinction angle in the symmetrical zone being 14°, corresponding to 
the composition Ab,,.An,. The indices of refraction are: 

a: 1.529 
B: 1.533 
y: 1.540. 


The axial angle is 2Vy = 75°. 
Most of the albite individuals have uniform extinction, but some 
show a certain zonal growth, the margin being slightly more acid than 
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the core. The albite is generally pigmented with fluorite occurring im 
grains arranged along the albite twins. ; 

Feldspar with characteristic quadrille texture occurs in a subordinate 
amount in all kinds of lakarpite. As mentioned above it has sometimes 
accumulated to form a veritable microcline rock ir certain parts of the 
lakarpite areas. The microcline individuals generally have diameters 
of one to two mm. They show anhedral forms but are well bounded 
showing no ragged outlines as is common for albite. The microcline 
always shows typical strain shadows, most pronounced in the schistose 
lakarpite varieties but also occurring in the massive ones. For this 
reason it is impossible to measure the extinction angle with any 
accuracy. The axial angle is small: 2Va = 60°, and thus points toa 
certain content of sodium. The indices of refraction are: 


a: 1.526 
B: 1,525 
y: 1.528. 


With respect to the main lakarpite occurrence, no signs of perthitic 
intergrowth can be detected even with the highest magnification, 
either in the microcline or in the albite. The same is the case for most 
feldspar individuals in the lakarpite near the Norra Karr farm. 
Here, however, individuals with a coarse perthitic or antiperthitic 
texture may occasionally be observed. The host crystals of the perthite 
are the same crosshatched microcline which generally occurs as nop- 
perthitic individuals. This perthite does not resemble any of the textural 
perthite types described by Andersen (1929) from Norwegian granite 
pegmatites. The albite component has very irregular outlines forming 
smaller or greater patches, irregularly distributed and sometimes 
occupying the main part of the perthite. It is untwinned. Similiar per- 
thites have been described by Eskola (1920, p- 51) in sviatonossite from 
Sviatoy Noss in Transbaikalia and by Ussing (1911, p- 135) in sodalite- 
foyaite from Ilimausak in Greenland. Eskola came to the conclusion 
that these perthites are of primary origin, the feldspar components 
having already separated at their crystallization. Probably this holds 
true also for the perthites in the lakarpite. 


As for the antiperthite, the texture resembles that of the perthite 
except that the patches of potash feldspar are more regularly distributed, 
being arranged along the albite twins of the host crystal. The host crystal 
of the antiperthite is the same polysynthetically twinned albite which 
generally occurs as nonperthitic individuals. The potash feldspar of the 
patches is untwinned. The antiperthite is also assumed to be of primary 
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origin, since the other conceivable modes of origin, exsolution or replace- 
ment, are highly improbable. 

Nepheline. Nepheline occurs in anhedral but well-bounded 
individuals of one to three mm size. In the massive lakarpite the nephe- 
line individuals show a tendency to gather in certain parts of the rock, 
very much in the same way as the arfvedsonite crystals, but as they are 
hardly distinguishable megascopically from the feldspars, this pheno- 
menon can only be observed under the microscope. The nepheline indi- 
viduals are perfectly fresh ir all lakarpite varities, but along cracks some 
dark material has sometimes been deposited. The indices of refraction. 
of the nepheline are: na pad 


a. LJb38. 


Arfvedsonite. Amphibole crystals of different lakarpite varie- 
ties have all the same indices of refraction and the same extinction angle, 
but show some variation in pleochroism. The amphibole is generally 
euhedral in the prismatic zone and usually shows anhedral terminations, 
pyramidal faces being only occasionally developed. Most individuals 
have no inclusions, but some are poikilitically intergrown with albite. 
The amphibole grains have maximum diameters of two to four mm. 
Optical observations are rendered difficult because of the strong pleo- 
chroism and the dark colours. All observations in convergent light are 
especially uncertain. The optical properties are as follows: 

xX A 6 = 20° — 25° 
2Va = 69°. 
As has been stated the pleochroism varies somewhat in intensity. The 
strongest colours are: 
X: dark bluish green, Y: dark bluish green, Z: brownish green 
BSN Eee ol bk 

Dispersion is strong, r > v. 

Térnebohm reported the optical orientation of this amphibole to be 
Y =—b. However, as far as can be judged from the very indistinct, 
interference figures, it seems that the axial plane lies at right angles. 
to the plane of symmetry and the optical orientation should there- 
fore be Z =b. This observation is also in accordance with the result 
obtained by Sahama, mentioned in an investigation of the extinction 
angles of certain amphiboles which he carried out together with Eskola. 
(1930 b, p. 14). 

The indices of refraction are: 

a 1.652 + 0.005 
B 1.660 + 0.005 
y 1.666 + 0.005. 
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The optical properties indicate that the amphibole is of arfvedsoni 
character. The extinction angle is, however, greater than that for mos 
amphiboles described as arfvedsonite. An alkali amphibole from Kiih 
lysvaara in Finland has an identical extincion angle, according to the 
observations of Eskola and Sahama (1930a, p. 8). This amphibole 
also resembles the arfvedsonite from Norra Karr in having a similiar 
optical orientation, but the indices of refraction are much greater. 


i 

Rosenbuschite. When Térnebohm recognized rosenbuschite 
in Norra Karr in 1906 it was only known from the type locality at Lange- 
sundsfjord (Brégger 1890, p. 378). Since that time it has been reported 
from a few more localities, e.g. in tinguaite from the Los Archipelago 
according to Lacroix (1911, p. 73), from Red Hill, Moultonboro, N. 
Hampshire according to Pirsson (1907, p. 434) and from Mt. Khibimes 
according to Fersman (Polkanov, 1937, p. 96). It is thus an extremely 
rare mineral and each occurrence deserves attention. The finding of 
rosenbuschite at Norra Karr has not been noticed by the authors of 
mineralogical textbooks, the locality being mentioned neither in Rosen- 
busch’s Mikroskopische Physiographie (1925) nor in Dana’s Textbook 
of Mineralogy (1932). I will therefore draw attention to the occurrence 
of this mineral at Norra Karr, especially as Térnebohm’s description 
gives information about the twinning structure of this mineral, which 
has not been recorded from the other localities. 

No complete chemical analysis of the mineral from Norra Karr has 
been made, but qualitative tests carried out by Mauzelius showed the 
presence of zirconium and titanium, and the optical properties are im 
close agreement with those of rosenbuschite. The diagnosis can therefore 
be regarded as certain. 

In the lakarpite, rosenbuschite occurs as a subordinate constituent, 
but far too abundantly to be counted as an accessory. The mineral has 
the form of long rods or needles, sometimes occurring isolated but most 
often in radiating aggregates. The rods may be up to two mm in length 
and */, mm in width. The aggregates may have a size of up to five mm. 
Rosenbuschite has a perfectly euhedral development, penetrating all 
other minerals of the lakarpite. The colour is a dirty pale yellow with 
almost imperceptible pleochroism. Before presenting the optical pro- 
perties, a few words may be said about the symmetry of rosenbuschite. 
Brogger (1890) regarded it to be monoclinic. Peacock (1937 a), who 
also worked with material from Langesundsfjord, found rosenbuschite 
to be triclinic with a pseudomonoclinic symmetry. Brégger’s original 
setting of the rosenbuschite was abandoned and a new setting adopted 
(1937 a, p. 20 and 1937 b, p. 588). 
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The optical properties of rosenbuschite from Norra Kirr correspond 
quite well with those of rosenbuschite from Langesundsfjord. The 
direction of vibration of the fastest ray is coincident with the long axis 
of the rods. Thus the optical orientation is X = b in Brogger’s set- 
ting of rosenbuschite and X =c in the setting applied by Peacock. 
A distinct cleavage is seen after (100) (Peacock’s setting). The dis- 
persion of the optic axes is weak, r > v. The indices of refraction and 
the axial angle can be seen from the following table where they are 
compared with corresponding values of the rosenbuschite from Lange- 
sundsfjord as determined by Peacock (1937 a, p. 29). 


Norra Karr Langesundsfjord 


5 tn Ae RE ER el 1.680 1.678 
ed elute eh AIRE ae 1.687 1.687 
“Sng tele ieee teats 1.708 1.705 
re est. 68° 78° 


For a more complete mineralogical description reference may be 
made to Térnebohm’s original paper (1906, p. 20). 


Apatite. Apatite occurs as an accessory in partly well-shaped 
crystals of up to one mm size. It sometimes has inclusions of fluorite. 
t is optically fully normal and needs no further description. 


Titanite. Titanite occurs less abundantly than apatite. Gener- 
y not more than one or two grains are seen in each thin section. 
hey are, however, larger than the apatite grains, about two mm. The 
olour is pale brown. 


Fluorite. As mentioned under the description of albite and 
patite, fluorite occurs as pigmentation in these minerals. In a schistose 
akarpite variety it is also found in independent individuals, very 
egularly distributed. 


Lavenite. In the schistose lakarpite variety occurring near the 
orra Karr farm, a mineral which is believed to be identical with 
Avenite was observed as a rare accessory occurring in narrow rods of 
ne mm length. It is almost completely altered into a dark brownish 
aterial with lower index of refraction than the original’ material. 
nder the microscope it can be seen that the colour of the unaltered 
ineral is pale yellowish. This mineral is probably lavenite, of which 
e appearance and the observable optical properties correspond with 
ose of a lavenite variety from Langesundsfjord as described by 
rogger (1890, p. 341). 


12 —440060. G. F. F. 1944. 
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Brogger identified two lavenite varieties at Langesundsfjord: »De 
Farbe nach kénnen zwei verschiedene Varietiten des Lavemit un 
schieden werden; die eine Varietiit ist hellgelb, bisweilen fast farblos 
oder hessonitgelb; die andere ist dunkel rothbraun bis schwarzbra 
gefirbt.» The dark lavenite is always fresh but the yellow variety 
generally altered as appears from the following statements: »Der he 
gelb gefirbte Lavenit scheint zum Theil nicht mehr ein ganz urspriing- | 
liches, unverindertes Mineral zu sein.» »Im Diinnschliffe sieht man, dass , 
von dem urspriinglichen Lavenit oft kein Spur mehr vorhanden, sondern 
dass derselbe vollstindig pseudomorphosiert ist.» ; 

Both the fresh material and the alteration product of the miner y 
from Norra Karr bear a striking resemblance to the corresponding | 
components of the yellow lavenite variety from Langesundsfjord. It is, , 
however, so extensively pseudomorphosed that optical observations on | 
the fresh material are rendered difficult. The indices of refraction of | 
lavenite from Langesundsfjord as determined by Larsen and Berman | 
(1934) are: a: 1.698, f: 1.723, y: 1.745 and y — a 0.047. The medium | 
index of refraction of the mineral from Norra Karr is determined as | 
1.720 and the double refraction can be estimated to be 0.04, thus showing 
satisfactory agreement with lavenite. 


Uniden fied mineral. A mineral which it has not been: 
possible to identify is sometimes found as an accessory in peripheral | 
parts of the main lakarpite area. It occurs as small rods of prismatic : 
habit showing very indistinct cleavage parallel to the prism. Pleo-. 
chroism is very weak, almost imperceptible, in light yellowish brown} 
colours. The mineral is biaxial positive and all individuals observed | 
show parallel extinction. The axial plane is transverse to the cleavage. . 
The dispersion is weak r < y. The indices of refraction are: 


a: 1.650 ' 
B: 1.655 ? 

y: 1.663. 
The axial angle is 2Vy: 65°. ; 
These data do not correspond with the optical properties of any 
mineral species given in the current mineralogical tables. The material 
is however too scanty to allow a closer examination. The mineral which | 
comes closest to it in optical properties is hiortdahlite, which has the 
following indices of refraction: a: 1.652, 6: 1.658, y: 1.665. It is however 
triclinic and shows an extinction angle of 65° on (100). For petro- 


graphical reasons it is considered probable that the mineral in question 
also is a zirconium silicate. | 


se le Ra 
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ce. Petrographical Character. 


A microscopical study of the different lakarpite varieties reveals 

that the differences between them are more dependent on structural 
properties than on mineralogical, even if there may be some variation 
in the relative proportions of the minerals of different varieties, especi- 
ally with respect to the essential minerals albite, arfvedsonite and nephe- 
line. Sometimes the lakarpite passes by gradual transition into more 
mafic types than the average rock and sometimes into more salic types. 
In the former case the transition takes place by means of increase in the 
amount of arfvedsonite, in the latter by means of decrease in the amount 
of the same mineral. 
At the main lakarpite occurrence the feldspars are never perthitic. 
he albite individuals have about the same size as arfvedsonite and 
epheline (three mm), whereas the microcline grains are much smaller. 
he albite individuals have ragged boundaries and are often intergrown 
ith small albite grains and sometimes with nepheline grains. They are 
olysynthetically twinned after the albite law, and are generally pig- 
ented with fluorite, occurring in grains arranged along the albite twins. 
bite is always perfectly fresh and the same is the case with the nephe- 
ine and the microcline. No variation can be observed in the extinction 
ngles of albite belonging to different lakarpite varieties. In the 
chistose lakarpite variety near the Norra Karr farm, perthitic and 
ntiperthitic feldspars are occasionally seen together with nonper- 
hitic. The host crystals then consist of the ordinary microcline and 
Ibite respectively. 

The other minerals show no perceptible changes in habitus or optical 
roperties from the one lakarpite variety to the other. Arfvedsonite 
ecurs as broad prisms usually with well developed prism faces. It is 
ometimes poikilitically intergrown with albite. Rosenbuschite appears 
s isolated rods or in radiating aggregates showing strong idiomorphism. 
epheline, on the other hand, shows anhedral boundaries with all the 
ther minerals. Apatite and titanite only occur in accessory amounts, 
patite in well shaped crystals whereas titanite shows less pronounced 
iomorphism. 

The unidentified mineral is found at the main lakarpite occurrence, 
ear to the contact with grennaite where lakarpite shows evidence of 
itermixture with grennaite material. It never occurs together with 
senbuschite. It is mostly found in isolated rods from one mm up to 
ur mm long, but sometimes in asteroid aggregates very much like those 
rosenbuschite. Its mode of occurrence resembles on the whole that of 
senbuschite and it can be said to act as substitute for this mineral in 
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Table 18. 
Analysis of lakarpite, Norra Karr. 
Analyst: Naima Sahlbom, 1942. 


PR: 


ig . | Niggli’ 
eve 10 000 a Norm | Mode Vol.% | overall 
a 
SOy nice we aes 52.04 8 630 | Or ... 22.77 | Albite | qz +92 
WO eg os fo 0.90 112 | Ab... 27.46 | AbgAn,  36| ci 142 
LTO c parr aarisa ian 0.24 20 | Nef... 17.34 | Microcline 7) ti 1.48 
AIOE cateniare 8+ 15.73 T B39 Aes ose 0.37 | Nepheline 21! zr 0.33 
Wes Ose weet 4 2.84 178 Seal .. 67 94 | Arfvedsonite 31) p 0.97 
BeQiiteg occa. 4.27 | 594 ra me 61 Rosenbuschite a 
[Minerale ts 0.26 Bi Wie ees 3.53 | Apatite 1} al 25.2 
WOR eee om 2.79 692 |e | 298 Fluorite 1| fim 275 
CaO giveth, 8. eha ieee 4.66 | 831 fo ; : j fs 2.40 : 100 c 13.7 
Bama re ae acts trace Fie ; 171. alk 33.6 
Na,.O che cst a als, 10.17 | ik 640 2.8i0 6 23 : 
{ORO Se ee 3.84 408 | 3? . 1.70 mg 0.41 
PAOD Pca iathe : 0.84 GO ht Sad ae k 0.20. 
H,O > 105°...) 0.62 ae peor vs | 
1el40) aby ae 0.14 Als 1.06 | _ ¢/fm 0.50 
POG A te. 0.51 268 ae | 
WC) Saale sane 0.06 | 17 | & fem .31.20 | 
99.91 HO. = 0:76n | 
Less.0 for F,Cl! 0.23 _| 99.90 | | 
99.68 | | 1 


Quantitative System: I1:6:1:4, Lardalose. 


the rock types where it occurs, which makes it probable that it also is a | 
zirconium silikate. 

The l&venite mineral is found at the lakarpite occurrence near the: 
Norra Karr farm. It occurs in narrow rods or needles up to one mm | 
in length. Like the above mentioned mineral it is only found in the peri - 
pheral parts of the lakarpite area. 


d. Chemical Composition. 


For chemical analysis the massive lakarpite variety constituting the: 
two well-rounded bodies in the main lakarpite area was chosen. The: 
characteristic chemical qualities of this rock as compared with other! 
nepheline-syenites are seen to be: great preponderance of soda over 
potash, ferrous iron dominating over ferric iron, and a low content of 
aluminium. The great excess of alkalis over aluminium places the rock 
in Ussing’s agpaite subgroup of the nepheline-syenite family. According 
to Ussing (1911, p. 341) the agpaites may be characterized by the 
equation. 

na +k 


ag es 
al 


ae nag Las 
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Table 19. 
1 2 3 4 
Baths Sonia 52.04 5D.12 51.81 54.54 
| POs sek sick 0.90 0.36 0.35 1.24 
2 ty CR 0.24 0.84 2.05 = 
AC) ee 15.73 16.28 13.68 19.90 
Tey Operative tc 2.84 8.66 7.32 2.59 
Wehr a ins Sie tss 4.27 3.53 Yee 2.81 
ECW ria. teks 0.26 0.29 0.57 0.15 
NE Ores cs sila 2.79 0.03 0.09 1.59 
CO ee cn rks a's 4.66 0.77 3.06 2.79 
BO yak os es os trace 0.03 
it A Wena Pee 10.17 11.30 9.75 8.39 
1A ae 3.84 | 2.75 3.92 4.98 | 
. Ohare Cow es 2 0.84 | trace — 0.64 
1,0 >> 105° .... 0.62 | 0.63 
W0<105°...| O14 | 0.02 
1 Schl ee 0.51 | — 
Pee ue. se 0.06 | 0.09 0.16 0.11 
ae . ) 0.02 
99.91 | 100.02 | 10003 | 10048 


1. Lakarpite, Norra Karr. 

2. Lujavrite, Ilimausak (Ussing 1911, p. 344). Approximate mean composition from 
four analyses. 

3. Kakortokite, Tlimausak (Ussing 1911, p. 344). Approximate mean composition of 
nine parts of white kakortokite, one part of red, and three parts of black kakortokite. 

4. Lardalite, Oslo district (Brégger, 1933, p. 74). Mean composition from four analyses 
»von normalen Tiefengesteinen der Lardalit-Reihe». 


na, k and al representing »the relative amounts of Na-, K- and Al-atoms 
in the rock». »In the agpaites of Ilimausak the ratio varies from 
1.2 to 2.1, while in ordinary nepheline-syenites the ratio is from 0.8 
to 1.1.» The lakarpite has the ratio 1.3. 

The agpaites of Greenland comprises sodalite-foyaite, naujaite, 
lujavrite and kakortokite. The lakarpite cannot, however, be classified 
under any of these terms, being distinctly different in mineralogical as 
well as in chemical composition, particularly with respect to the iron - 
content. 

The existence of arfvedsonite in the rock instead of aegirite, the 
common dark mineral in nepheline-syenites, 1s expressed in the analysis 
by the fact that ferrous iron is distinctly dominant over ferric iron. 
The plagioclase is very sodic; the calcium of the analysis must therefore 
have entered the mafic minerals, essentially arfvedsonite. In this respect 
lakarpite resembles the canadite subgroup of the nepheline-syenite 
family as defined by Quensel (1914, p. 177). + 

The norm is characterized by the absence of anorthite, all aluminium 
being used in the formation of alkali feldspars and nepheline. The cal- 
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cium of the analysis therefore appears as normative wollastonite. The 
extremely alkaline character of the rock is manifested in the norm by 
an extraordinarily great content of sodium metasilicate. 

In the quantitative system, the rock has the position I1:6:1:4 
Lardalose. Lakarpite shows a higher alkali content than does iardalite 
and a corresponding smaller content of aluminium. Otherwise there is 
a closer correspondence between the chemical composition of lakarpite 
and lardalite than between lakarpite and the agpaitic rocks of Green- 
land, as can be seen from Table 19. 


2. Pulaskite. 


a. Field Observations. 


Near the western border of the Norra Karr district, in its northern 
half, a rock which may be referred to as pulaskite was found at 


Fig. 21. Pulaskite. Amphibole aegirite and biotite appe i 
: : : ? ar dark. Light : < 
tially microcline and albite. (Photo 8, Heillund.) Magnification: 14, i 
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some places. It was discovered quite by chance, when the moss was 
seratched away from the side of a small slope. A closer inspection showed 
that the rock had a comparatively great extension. It is, however, 
no wonder that the pulaskite escaped the attention of the first investiga- 
tors of the Norra Karr district, the rock being completely covered by 
moss and soil. On the map it can be seen that the pulaskite occurs in five 
small areas, the largest of which is fifty metres long and twenty metres 
wide. The extension of the pulaskite areas could not be stated with any 
high degree of accuracy, as there was often a comparatively great dist- 
ance between places where it was possible to disclose the rock surface. 
The pulaskite outcrops, not separated by grennaite outcrops, were 
grouped together into a common pulaskite area, but it is of course pos- 
sible that some of these areas in fact-consist of several smaller areas 
separated by grennaite. Only with respect to the main occurrence can it 
be said with certainty that it is a continuous pulaskite area, as it has 
been possible to uncover it from the one end to the other. 

The pulaskite is on the whole rather uniform, showing by no means 
such a diversity of types as lakarpite. It is massive, with an indistinct 
porphyritic appearance brought about by irregularly bounded feldspar 
phenocrysts. The contact with grennaite is nowhere exposed, which 
renders impossible the study of any contact facies. 


b. Mineral Description. 


The Feldspar group. Microcline is by far the most important 
mineral of the pulaskite. Under the microscope all grains are seen to 
show the characteristic grating texture. The extinction angles cannot, 
however, be measured, owing to the strong strain shadows invariably 
present. The axial angle is small, about 60°, indicating a certain sodium 
content. This can also be deduced by comparing the actual mineral com- 
position of the rock with the norm, the microcline constituting 42 per 
cent of the rock, whereas the norm contains only 23.72 per cent Or. In 
most individuals no signs of perthitic texture can be detected, not even 
with the highest magnification. Some individuals contain, however, a 
few albite lamellae in perthitic intergrowth in a part of the crystal, 
usually in a corner. 

The indices of refraction of the microcline are 

a: 1.520 
B: 1.525 
y: 1.528. 


The albite is polysynthetically twinned after the albite law. It is 
sometimes pigmented with fluorite as was the albite of the lakarpite. 
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The medium index of refraction lies below that of the embedding 
terial, kollolite, which has index of refraction 1.534. The maximum 
extinction angle in the symmetrical zone was found to be 15°, corres- 
ponding to Abs;An,. 


Nepheline. Nepheline is only an accidental constituent of pulas- 
kite. Some thin sections may be quite devoid of this mineral, whereas 
in others it may be present to an amount of five to ten per cent. The 
nepheline is not quite fresh. Parts of it are generally altered into a light 
brown material with higher index of refraction than the fresh mineral, 
identical with the gieseckite pseudomorphs previously described. 


Aegirite. Aegirite occurs in about three mm long individuals, 
euhedral in the prismatic zone. This aegirite is distinct from that of the 
grennaite, differing both in pleochroism and in extinction angle. The 
pleochroism is 


X: brownish green, Y: light brownish green, Z: yellowish green. 
a eee 


whereas the aegirite of the grennaite has darker colours. The extinction 
angle is 
So oa 10" 


whereas for the aegirite of the grennaite it was 29—4°. The axial angle 
igs V a= 61°. 

The borders of the individuals have sometimes a somewhat smaller 
extinction angle than the cores, indicating a purer aegirite. 


Amphibole. The amphibole occurs as broad laths of two or three 
mm length, sometimes poikilitically intergrown with untwinned feldspar 
and apatite. Optical determinations are rendered difficult by the dark 
colours and the strong pleochroism as was the case for the arfvedsonite of 
the lakarpite. The axial plane is found to lie parallel to the plane of 
symmetry and the optical orientation is therefore Y = b. The axial 
dispersion is strong, r > v. The axial angle is large with an optically 
negative sign, 2Va = 80°. The extinction is very indistinct and cannot 
be measured with any great accuracy. It is approximately X /\ c = 40°. 
The indices of refraction are 
a: 1.648 + 0.005 
B: 1.656 + 0.005 
: y: 1.662 + 0.005. 

The pleochroism is: 


X: deep bluish green, Y: bluish green, Z: dirty green, with a yellowish tint. 
A oe | 
4} 


oT 


1 


| 
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In optical properties this amphibole may be said to occupy an inter- 
mediate position between the arfvedsonite of the lakarpite and the 
eckermannite of the kaxtorpi te. 


B iotite. Biotite generally occurs as small flakes of about two mm 
diameter, with strong pleochroism: 


X: pale yellow, almost colourless, Y: reddish brown, 
Z: deep reddish brown 
DE ae A 
Tt should be mentioned that the axial angle is quite perceptible, 5° to 
10°. Otherwise the optical characters are those characteristic for biotite. 


Rosenbuschite. This mineral occurs in much the same way 
as in lakarpite, forming perfectly euhedral crystals penetrating the 
feldspar individuals. It is, however, not so abundant as in lakarpite. 


Titarite. An ordinary optically positive titanite of grayish 
colour occurs as an accessory. It is most often found together with the 
other dark minerals, in grains of up to one mm size. 


Fluorite. As mentioned, fluorite is sometimes found as pig- 
mentation in albite. Occasionally independent grains may be observed 
as an interstitial mass between the other minerals. 


Apatite. Apatite occurs in small euhedral crystals, sometimes as 
inclusions in amphibole. 

Apart from this ordinary apatite, however, a radioactive mineral 
belonging to the apatite group is also found. This mineral has a mode 
of occurrence similar to that, for example, of orthite in certain granites, 
the rock around the mineral showing a typical radiate structure. The 
mineral shows megascopically a brownish colour and has the form of 
oval individuals up to one cm in diameter. The peripheral parts 
sometimes show yellowish decomposition products. The mineral pre- 
ferably occurs in the biotite-rich parts of pulaskite. It is, however, 
mever found as inclusions in biotite. 

Under the microscope the greater part of the mineral proved to be 
isotropic. The index of refraction was found to be 1.77. An X-ray powder 
diagram of the original mineral gave no result.1 On ignition, however, 
he mineral recrystallized and a diagram of the recrystallized material 
roved it to belong to the apatite type. Qualitative X-ray spectro- 
raphic analysis showed the presence of yttrium and thorium. A radio- 
etive yttrium-containing mineral of the apatite group has been describe d 


1 The physical examination of the mineral was carried out by Mr. O. Alvfeldt of the 
eochemical Laboratory of the Boliden Mining Company. 


. 
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from Tisaka, Fukushima prefecture, by Shin Hata (1938, p. 1018) 
under the name of abukumalite. The mineral from Norra Karr ij 
probably closely related to abukumalite. Machatschki (1939 a, p. 161 
and Hiagele and Machatschki (1939 b, p. 165) refer to this mineral as 
yttrium-lanthanide silica apatite in distinction to britholite which is 
a cerium-lanthanide silica apatite. 

It was under the present circumstances not possible to obtain natal 
of the original abukumalite for comparison. The Mineralogical Institute — 
was, however, in possession of some specimens of britholite from the type — 
locality Naujakasik in Greenland (Winther, 1899, p. 190). X-ray powder | 
diagrams of the britholite and the Norra Karr mineral showed nearly 
identical patterns. My 


c. Petrographical Character. 


The essential constituent of the rock is the highly sodic microcline, 
forming up to one centimetre large individuals which are extremely 


Fig. 22. Pulaskite. Dark areas are essentially amphibole but also include some aegirite. | 
In the right half of the picture and in the upper left corner are seen a few flakes of biotii 


: 
- 


In the upper left corner may also be observed a titanite crystal. The lower left corner | 
consists of microcline; the upper right corner consists of albite pigmented by fluorite. 


: 
ragged and are surrounded by granulated zones of feldspar. The albite. 
individuals are generally smaller than the microcline, but they are also. 


surrounded by granulated zones of feldspar. Nepheline is only fount ! 
¥: 


occasionally and then interstitially between microcline and albit 


Strain shadows are abundant, particularly in the microcline, but also 
in the albite. 
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Aegirite is the most abundant of the dark minerals, followed by 
biotite and then amphibole. Rosenbuschite, apatite, titanite and 
fluorite only occur as accessories. The dark minerals have a marked 
tendency to cluster together, aegirite, biotite and amphibole being 
found only seldom as isolated individuals. There is an enrichment of 
biotite in some parts of the rock at the expence of aegirite. In these 
parts biotite may form flakes of two or three centimetres diameter, but 
generally the biotite individuals are only one or two mm long. Aegirite 
and amphibole are somewhat larger. These minerals are euhedrally 
bounded by biotite but show varying mutual relations with respect 
to idiomorphism. Rosenbuschite, titanite and apatite are euhedrally 
bounded by all other minerals. Apatite is found especially often as 
an inclusion in the amphibole. 


d. Chemical Composition. 


This rock has not such a decided alkaline character as those hitherto 
escribed. This appears from the fact that it is not necessary to intro- 
uce acmite in the norm, the amount of aluminium being sufficient to 
orm feldspars with all the sodium and even with some of the calcium. 
The aegirite present in the mode is thus not represented in the norm. 
mn the other hand we have anorthite in the norm whereas the modal 
lagioclase is highly sodic — Ab,,An,. The essential part of the. calcium 
ust therefore enter the dark minerals. In this respect the rock resembles 
he canadite of Quensel (1914, p. 177) as did the lakarpite. 

Chemically the rock occupies an intermediate position between 
epheline-syenite and syenite. The position in the quantitative system 
s 11:5:1:4, Umptekose. However, both the class and the rang ap- 
roach a neighbouring group. The ratio between alkalis and salic lime, 
etermining the rang, brings the rock near II:5:2:4, Akerose. A 
omewhat smaller amount of the femic constituents would have placed 
he rock in Class I, in the subrang Nordmarkose approaching Larvikose. 

In chemical composition the rock is closely related to pulaskite, 
arvikite and umptekite, as can be seen from Table 21. Johannsen 
1938, p. 5) has grouped these rocks together in the pulaskite family, 
leeming that the term pulaskite may be used in a broader sense than 
arvikite and umptekite. Rosenbusch (1923, p. 149), on the other hand, 
aw pulaskite in connection with nordmarkite, regarding it as a some- 
hat less silicaceous equivalent. The definition of Johannsen does not, 
owever, differ essentially from that of Rosenbusch. The Norra Karr 
ock meets all the requirements of the term pulaskite according to both 
efinitions. 
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Table 20. 
Analysis of pulaskite, Norra Karr. : 
Analyst: Naima Sahlbom, 1943. ‘ 


Weighs 10000 M| 
| 
SiO Sanya ae . 
PEGS Wnts: dts eer | . 
VAdO Sere aie : Microcline B 
INO Fa Abicas actor bo 17.34 1697 | Nef... 4.34 ) Nepheline 4 zr 0.23 
: Oa ee ee eta 174 | Hl.... 0.20 | Aegirite 9 |p 0.44 
WED ct este 2.13 296 |Z .... 0.22 Amphibole 5 
eit) orate are 0.16 | 23 | Seal... 82 52 | Diotite 4 al 5 
Wks Oe eae erate fea 387 sh ee &-* | Apatite 0.5 | fm 21 
Onin ect ners. 22 752 | wo.... 5.92'| Titanite 0.5 | ¢ 15.5 
IBaO ise bij heel 0.48 31 | en.... 3.89 | Rosenbuschite alk 30 
INEHY O hex iee, perc 6.72 LOSA fects 1.27 0.5 
ISAO Ve aan esor 4,00 AQ | aladane 0.46 | Fluorite 0.5 | mg 0.37 
PQ nteenees | 0.32 23 | mt 4.02 100. * 0.28 
H,O> 105°... 0.52 | ap.... 0.83 . 
HO 2 1057.2) 016 4 Re ho ee 0.20 c/fm 0.70 
ly Maer Ke Oda th tie. eee 
i ROE ee 0.08 | 42 | PbS... O19 
1 Eide ici oatgerethn Lo ORY | Se eee 
Eg ek L.-Q.0 7 she OBB eae ae 
/ 100.23 | | H,. Octeee Os Ge 
Less O for Pb, | 100.24 
TMS. Boe 0.14 | | 
100.09 | ) 


Quantitative System: II :5:1:4, Umptekose. 


3. The Kaxtorpite Group 


(pectolite-eckermannite-aegirite-nepheline-syenite, eckermannite-aegi- 
rite-nepheline-syenite and eckermannite-aegirite-syenite). 


The term kaxtorpite covers three rocks characterized} by some min-- 
erals not found in the other rocks of the Norra Karr district. These: 
minerals are: a peculiar alkali amphibole described as eckermannite, 
aegirite of a certain habit and pectolite. Further essential minerals: 
are microcline, albite and nepheline. The kaxtorpite rocks contain no 
zirconium minerals, a conspicuous feature distinguishing them from 
the other rocks of the district. 

Among themselves the kaxtorpite rocks show a considerable varia- 
tion in the relative proportions of the main constituents, especially 
nepheline, feldspars and pectolite, which distinguish them from oud 
other. It has, however, been considered unnecessary to emphasize thi 
difference by giving them separate names, though they belong che 
cally to so widely separated types as Lardalose and Nordmarkose, a | 
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Table 21. 


| 1 2 3 4 

SiO, .......... | 58.89 57.80 60.20 63.71 
Pie Peedi 0.24 1.15 0.14 0.86 
VAS) ae fae | 0.15 — trace 
PAE Cepteie a. cis 17.34 18.82 20.40 16.69 
eh Fike wan 2.77 1.60 1.74 2.92 
EO a ca we wanes 2.13 3.50 1.88 0.66 
Mien vathieec. 0.16 O.14 trace 0.20 
LTO oe ee 1.56 1.48 1.04 0.90 
Caen ona u\- 4,22 3.72 2.00 ool 
OME tank oss 0.48 O.17 trace | 
Be Olsntie de eek 6 0.13 | 
RO ras xieis ais 6.72 6.48 6.30 | 8.26 
REO orasn, siuta2 4.00 | 3.97 6.07 || 2.79 
DO) ice, ran alist 0.32 | 0.58 O45. | — 
L208 UR ae ae 0.10 none | 
3D lage ae 0.13 | 
H,O > 105° 052 | 0.64 0.23 0.19 
HO < 105° 0.15 "0:03 0.10 
Phi; satmanenen = 0.14 | 
RO, cnet entie s tac 0.08 0.04 | 
co ee aes 0.19 0.05 0.09 | Res) 
Pico, acme aac | Tea ly se 0.03 none 

100.23 | 100.39 | 10047 | 4100.29 


. Pulaskite. Norra Karr. Analyst: Naima Sahlbom, 1943. 

. Larvikite. Langesundsfjord (Brégger, 1933, p. 59. Analyst: O. Rohr, 1917). 

. Pulaskite. Fourche Mountain, Pulaski Co., Arkansas (Washington 1901, p. 609. 
Analyst: Washington 1901). 

. Umptekite. Umpjavr, Kola Pen nsula (Ramsay and Hackman 1894, p. 206. Analyst: 
W. Pettersson 1894). 


expressed in terms of the quantitative system. Mineralogically they 
‘orm a well defined group, distinct from the other phanerocrystalline 
ocks. 
According to their contents of pectolite, the kaxtorpite rocks may be 
ivided as follows: 
1. Pectolite-rich kaxtorpite (pectolite-eckermannite-aegirite-nephe- 
line-syenite). 
2. Pectolite-poor kaxtorpite. 
a. with nepheline (eckermannite-aegirite-nepheline-syenite). 
b. without nepheline (eckermannite-aegirite-syenite). 


a. Field Observations. 


The three members of the kaxtorpite group occur in three different 
reas separated from each other by grennaite, as are the other areas of 
hanerocrystalline rocks. The rocks within a certain area show only 
light variations in composition. Thus there occur no rocks occupying 
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a transitional position between the types mentioned. The habit of each 
rock generally enables it to be distinguished from the others merely by 
inspection of a hand specimen. By 

The pectolite-rich kaxtorpite covers the largest area. It is situated 
southwest of the farm Norra Kirr, on the western side of the road to 
Kaxtorp, and forms a lens-shaped area about 150 m long and 75 m wide. — 
Within this area solid rock crops out at half a dozen places. The rock — 
is easily affected by weathering agencies, acquiring a gritty surface often — 
several centimetres in depth. Generally the rock contains centimetre- 
large crystals of glassy microcline subparallelly arranged, giving it 2 
marked schistose appearance, accentuated by aegirite needles an¢ 
amphibole laths oriented in the same direction. The schistosity is ne Z 


Fig. 23. Kaxtorpite, type 1. Polished surface, perpendicular to the schistosity. Natural 
size. Observe the large microcline crystals. (Reproduced from Térnebohm, 1906, p. 25.) 


very consistent, but in general it forms only small to moderate angles — 
with the long axis of the area. 


the western side of the area, in its central part. The two rocks have here ~ 
parallel schistosity. The schistosity of grennaite evidently follows the — 
outlines of the kaxtorpite area. It thus seems probable that the kaxtorp-_ 
ite area represents a section through a body enclosed in grennaite — 
and that the grennaite solidified after the formation of this body. 

The area of pectolite-poor but nepheline-bearing kaxtorpite is situ- — 
ated on the border between the provinces of Smaland and Ostergétland, 
some 100 m east of the road between Norra Kirr and Lakarp. The area 
has an extension of about 70 m in a north—south direction and has a. 
maximum width of 20 m. The northern part of it is ovally bounded by — 
grennaite, while the southern part has the form of a narrow tongue — 
bent somewhat to the southeast. 

The rocks are on the whole schistose and in a direction parallel to the — 
long axis of the area. Sometimes, however, parts of massive kaxtorpite 
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occur enclosed in the schistose variety, particularly near the eastern 
contact. The massive parts are clearly bounded and have proved to 
have the same composition as the schistose rock. The contact with 
the grennaite may be studied on the eastern side of the area, where the 
border is exposed on the slope of a small hill, the lower part of which 
consists of grennaite. A sketch (Fig. 24) shows the character of the 
contact. The schistosity of both rocks "run parallel and the grennaite 


ig. 24. The border (a—a) between the body of kaxtorpite, type 2a ard grennaite. 
low the border is seen a streak of schistose kaxtorpite. Small boulders of massive 
axtorpite are enclosed in the grennaite and also in the streak of schistose kaxtorpite. 
G: grennaite, Km: massive kaxtorpite, Ks: schistose kaxtorpite. 


ips under the kaxtorpite at an angle of about 70°. Grennaite has the 
ame appearance up to the very contact showing no signs of marginal 
acies, whereas the kaxtorpite area shows hybrid rocks nearest to the 
ontact, containing typical grennaite minerals such as eudialyte and 
atapleite. It is, however, only the schistose kaxtorpite variety which 
hows a hybrid character, the small parts of massive kaxtorpite being 
altered even when they occur as inclusions in grennaite. 
Térnebohm (1906, p. 23) claimed to have seen an inclusion of granite 
t this locality. I have not been able to verify this observation. Dark 
clusions in the kaxtorpite are rather common. They have proved to 
e accumulations of aegirite and amphibole. They are generally not 
10re than ten centimetres long. 
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Pectolite-poor and nepheline-free kaxtorpite occur at one place in | 
the southern part of the Norra Kirr district, somewhat southwest of ' 
the main kaxtorpite area. The only outcrop is found on the side of a 
small hill, about fifteen metres in diameter, which probably consists | 
altogether of kaxtorpite. The contact with grennaite is seen at the foot | 
of the hill whence the kaxtorpite extends upwards and disappears under 
the vegetation. The two rocks show a similar relation to each other ' 
as was described from the last mentioned kaxtorpite area, with the | 
exception that no parts of massive kaxtorpite occur. Eudialyte grains | 
up to five mm in diameter, evidently derived from the grennaite, are | 
seen here and there in the kaxtorpite. Completely uninfluenced rock | 
was not observed at this locality. The dark inclusions already — 
mentioned seemed to be more abundant than at the other occurrence. 

7 
‘ 

The Feldspar Group. The centimetre-large feldspar crystals 
which give the pectolite-rich kaxtorpite its porphyritic appearance 
consist of generally nonperthitic microcline. The individuals are elonga- 
ted along the axis 6, and have a subparallel arrangement. They have a 
tabular development, the predominant faces being (001) and (010). 
On (001) the lustre is glassy and the cleavage almost perfect. The cleay- 
age at (010) is much poorer. At (100) also there is a tendency to imper- 
fect cleavage. The larger crystals are generally better developed than 
the smaller ones. The crystals have crystallographical boundari 
against the groundmass along their long axes which are parallel to the 
faces (001) and (010), but are irregularly terminated at the ends. __ 

Under the microscope the characteristic grating texture of the micro- 
cline is seen in sections parallel to (001). The grating texture is usually 
fine and regular but may be coarse and then more irregular. The ex- 
tinction angle may be measured with accuracy since strain shadows antl 
generally absent. The extinction angle on (001) is 15°; on (010) it is 3°. 
The axial angle is small; the isogyres are always seen to turn within | 
the observational field when studied in convergent light. An accurate 


measurement on the universal stage gave 2Va = 60°. The indices 0 
refraction are: 


b. Mineral Description. 


a: 1.520 
p: 1.525 
y: 1.529. 


A partial quantitative spectrographical analysis of the microclin 
crystals, carried out at the Geochemical Laboratory of the Bolide 
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Mining Company, gave the following result with a possible error of 


+ 10%. 


LE WDA Setyape A eg 2.48 Weight % 
fo) 10) 

HAW) OS 2 Seo 0.30 » 

DR ee oe oe a < 0.10 » 


This corresponds to a feldspar of the composition Kf,,Naf,,Rbf,. It is 
thus a soda microcline. 

Perthitic texture is only seldom seen in the microcline crystals of the 
pectolite-rich kaxtorpite. It is, however, more common in the two 
pectolite-poor types, though it is not abundant even here. It is a 
coarse-structured microperthite with a varying amount of the albite 
pomponent, resembling the perthite present in one of the lakarpite 
arieties already described. The albite of the perthite is untwinned. 
ndices of refraction as compared with that of kollolite indicate a very 
ure albite. 

The microcline individuals of the pectolite-poor kaxtorpite types 
how no crystallographic houndaries. They further differ from the 
icrocline just described by showing strong strain shadows which ex- 
lude the measurement of extinction angles. Otherwise they have the 
ame appearance and show the same indices of refraction and aproxim- 
tely the same axial angle 2Va = 58°. 

In distinction to the pectolite-rich kaxtorpite, the two other types 
ontain albite, not only in the groundmass but also as larger individuals. 
t is polysynthetically twinned according to the albite law and in some 
dividuals pericline twins have also been observed. It shows a maximum 
tinction in the symmetrical zone of 16°, corresponding with a composi- 
on of Ab,;An;. The greater part of the large albite individuals are 
onperthitic but some of them contain potash feldspar in oriented inter- 
owth. The potash feldspar of the antiperthite is always untwinned. 
has the form of square-shaped spots more or less regularly distributed 
er the albite individual. This structure is not unlike that of an apti- 
rthitic oligoclase in a granite pegmatite from Skatéy, Norway, shown 
Andersen (1929, Pl. IX, Fig. 3, A). 

Some of the feldspar individuals show another kind of intergrowth 
an that here described, consisting of a core of microcline and a mantle 
albite, or a core of albite and a mantle of microcline. They are thus of 
e same character as some of the feldspar phenocrysts of the grennaite. 
dividuals with more than two zones are, however, never found, 
ereas in the grennaite three zones were common. 

Albite is the predominant mineral of the groundmass in all three 
cks of the kaxtorpite group. It occurs as elongated grains of 1—2 mm 
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length and about 0.5 mm width. In some thin sections twinning is | 
abundant and in others it is extremely rare. The presence or absence : 
of twinning texture seems quite accidental. When present the twi 
takes place after the albite law and the grains consist of only a few ' 
lamellae, much broader than the lamellae of the larger, polysynthetically 
twinned albite individuals. The extinction angle on (010) is 17°—20% , 
corresponding with a composition Ab Ans. The indices of refraction are: | 


a: 1.528 
B: 1.532 
y: 1.539. 


Microcline grains are only seldom seen in the groundmass. They ' 
are nonperthitic, show grating texture and have often strain shadows | 
like the large microcline individuals. 


Nepheline. The nepheline grains have the same anhedral, . 
elongated appearance as the albite grains and are of the same magnitude, . 
1—2 mm long. Occasionally they may form patches of several mm ex-- 
tension. Only one type of the pectolite-poor kaxtorpite rocks contains : 
nepheline. It is here generally perfectly fresh, whereas the nepheline of | 
the pectolite-rich kaxtorpite always occurs in an altered state. Some- - 
times the whole individual is so decomposed that it would have been im- - 
possible to identify the original mineral, if the same alteration product : 
had not also been found in only partly decomposed nepheline crystals. . 
The colour of the alteration product is light brown. It has a spotted | 
appearance and a rather irregular extension in the nepheline, thus show: - 
ing different degrees of decomposition. The alteration product has: 
been isolated and analysed by R. Mauzelius with the following result 
(Térnebohm, 1906, p. 29): 


UO ey <a RR Pig RE ye a5 =) 46.70 Weight % 

A Meta ste, inna 8c, airy clare ba een ae 26.75 » 

COOLS! Fis, 5 «cioga a a hrcn ee eee 1.04 » ; 

alt ld Ce PERRO Rare Ty rice ag 2d 16.25 » : 

RO: ee ae 9.26 » 
100.00 


thus identifying the mineral as natrolite. 


E ck ermannite. Apart from pectolite, the amphibole is th 7 
most interesting mineral of the kaxtorpite. A preliminary note on this) 
mineral has already appeared (Adamson, 1942). Megascopically it has 
the appearance of black rods with high lustre, about two mm long. 
They have a tendency to gather in small patches and arrange themselve | 
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in narrow streaks of considerable length. These streaks surround the 
large microcline crystals, closely following the boundaries of the 
mineral. 

Under the microscope it is seen that the amphibole is built up of 
alternating lighter and darker parts. The darker parts have a distinct 


ig. 25. Eckermannite (E) in kaxtorpite. The dotted parts have lighter colours than the 
st of the mineral. A: albite, M: microcline, N: nepheline, Ae: aegirite, P: pectolite. 
Gray is kollolite. Magnification: c. 37. 


leochroism in bluish green and yellowish green colours. The light 
arts have weaker pleochroism in paler colours. As a rule the darker 
loured material constitutes the greater part of an amphibole indi- 
idual, the light material having the character of inclusions of irregular 
tline and distribution (see Fig. 25). It may, however, happen that 
ie relation is reversed, i.e. that the light material plays the dominant 
ie. In both cases the inclusions are intergrown in parallel orientation 
ith the host. 
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The amphibole has a very flamy extinction so that it is not possible t 
measure the extinction angle with any great accuracy. The darker pai 
show the most consistent extinction angle, the value being about 25° 
(X Ac), whereas the light parts show a maximum extinction angle — 
of 53° (X / c). Optical determinations in convergent light give the same — 
results for both components. These observations are, however, rather | 
uncertain owing to the imperfect interference figures caused by the low | 
double refraction. The indices of refraction are also approximately the 
same, the variations lying within the limits of error of the immersion — 
method. Nor do the two components show any perceptible difference in 
specific gravity. At least it is not possible to separate them by heavy . 
liquids. Most probably there is only a slight difference in chemical com- 
position, causing the variation in pleochroism and extinction angles. 
Indeed, on account of the low double refraction only a very small 
variation in the indices of refraction is necessary to cause a great chan 7 
in the position of the indicatrix, or, as expressed by Rosenbusch-Wiilfing 
(1925, p.535): »Letztere (geringe Starke der Doppelbrechung) hat nament- 
lich zur Folge. dass die Anderungen von a, f und y, die mit dem Wechsel | 
der Zusammensetzung eintreten, nur klein zu sein brauchen, um doch | 
schon. grosse Anderungen in der Lage der optischen Achsen und damit . 
auch der Ausléschungsrichtungen nach sich zu ziehen.» The results of the | 
chemical analysis also indicate that the material is practically speaking 
chemically homogeneous, even if it shows some optical inhomogenities. 

As to the origin of the two components, it is most probable that_ 
they crystallized simultaneously. At all events there is no evidence for ° 
the hypothesis that one of them is a secondary product from the altera- | 
tion of the other. 1) 

The optical properties are as follows, the modifications mentioned . 
above not being repeated: 

The plane of the optical axes lies in the plane of symmetry. The 
optical orientation is therefore Y = b. The axial dispersion is strong | 
with r<v. The optical character is negative, and the axial angle : 
2Va = 75°. The pleochroism is 


X: bluish green, Y: light bluish green, Z: pale yellowish green, almost | 
colourless. 
eal es 

The indices of refraction are: 

a: 1.636 

B: 1.644 

y: 1.649. 
The extinction angle X /\ c¢ ~ 25°. 


Bd 66. _H. 2.] THE NORRA KARR DISTRICT. 197 


The combination of optical properties of this amphibole is different 
from all other amphiboles so far investigated. It is, however, not by 
virtue of its optical properties that the writer has designated this amphi- 
bole by a new name, eckermannite. It is far more on account of 
its characteristic chemical composition. It will be shown that the 
eckermannite occupies a natural place in the amphibole classification 
of Berman (1937, p. 359), which is based upon chemical and structural 
principles. Such a classification has a great advantage over a classifica- 
tion based on optical properties. Any petrologist familiar with the 
amphibole group will know the difficulties in giving a definite diagnosis 
for an amphibole on a basis of optical properties alone, particularly 
for a member of the hornblende series. Of course an optical study will 
give certain indications. Taking for instance the alkali amphiboles, 
they may generally be recognized by the c-axis’ inclination to X, and by 
pleochroism in bluish colours. Any attempt at further differentiation 
will, however, often be in vain. Refractive index determinations, which 
for most minerals are of so great diagnostical value, are of little impor- 
tance in such complicated compunds as the amphiboles. Considering the 
fact that ten elements or more may take part in the constitution of an 
amphibole and that substitution occurs between certain of them, it is no 
wonder that even chemically closely related amphiboles may show 
considerable variation in optical properties. 

As an example may be mentioned arfvedsonite with the general 
formula (Na, Ca, K), (Mg, Fe™, Mn), (Al, Fe™) (8i,0i1). (O, OH, F), 
where the elements belonging to the respective groups indicated in the 
formula may substitute each other to a great extent. Here a high pro- 
portion of iron and manganese in relation to magnesium and aluminium 
will increase the indices of refraction, whereas a high amount of fluorine 
in relation to hydroxyl will lower the indices of refraction. : 

The variation in refractive indices will be attended by a variation in 
all other optical properties, for according to Kunitz: »Die Brechungs- 
exponenten sind die wichtigsten optischen Konstanten fiir die Mineral- 
bestimmung; optische Orientierung, Doppelbrechung und Auslésch- 
ungsschiefe folgen hinsichtlich Genauigkeit erst in zweiter Linie und 
sind, wie der optische Achsenwinkel, indirect von der Grosse und Lage 
der drei Brechungsindizes abhiingigy (Kunitz, 1930, p. 184). 

After this reservation a comparison of the optical properties of 
eckermannite with those of some other alkali amphiboles may be pre- 
sented. ‘ 

The position of the axial plane in eckermannite Y = b, is the same 
as for most amphiboles, except that some soda amphiboles have the 
axial plane at right angles to the plane of symmetry. The absorption 
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scheme is rather peculiar, only some riebeckites, arfvedsonites an 

crossite showing the same relation, X > Y > Z. The colours are, how. 

ever, far different from those of these amphiboles, being more like those o 

certain glaucophanes, which, nevertheless, have the opposite absorption 
scheme, Z > Y > X. The double refraction as compared with amphi- 
boles in general is small which seems to be characteristic of the soda 
amphiboles (see Larsen and Berman, 1934, p. 227). The indices of ret 
fraction are much smaller than for other soda amphiboles except soda 
tremolite. The axial angle and the extinction angle are, however, large. 
Examples of amphiboles with partly similar optical properties have 
been listed in Table 22. ; 


% 


Before entering upon a discussion of the chemical composition of 
eckermannite, a short review of Berman’s classification of the amphi- 
boles is given. He writes as general formula for the amphibole group, 
representing half the content of the unit cell (1937, p. 354): 


(WXY)7-s(Zs011)2(0, OH, F). 


‘ 


»The symbols W, X, Y, Z are used throughout the classification to indi- 
cate atoms of the same kind, namely atoms having given ionic radii 
and co-ordination numbers. The W atoms are mainly alkalies and Ca, 
Ba, Sr; the X atoms are divalent atoms for the most part, having inter- 
mediate radii and large co-ordination numbers; the Y atoms are triva- 
lent or tetravalent with generally smaller ionic radii. The Z atoms are 
predominantly Si, with some Al in certain silicates, such as the amphi- 
boles. The Z atoms are of small radius and have co-ordination number 4.9 
In the following table the elements are arranged according to their 
ionic radii (Goldschmidt 1926). 


Ko 1.33 A PS: 1.32 A 
Caren ate. 1.06 » ee es: 1.33" » 
Wie Nae 0.98 » On 2 es bay 
| Mn 2 oe 0.91 » 
OA cee 0.83 » 
“s | Fe?+ See 0.83 » 
Mer ee 0.78 » 
es een 0.67 » 
ve yet. eee 0.64 » 
5 [Ape 0.57 » 
Vitomene 0.39 » 


Elements lying on the border between two groups may belong to both of 
them. This is indicated in the table by inclusion in two brackets. 
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Berman (p. 359) divides the amphibole group into four series: The : 
orthorhombic anthophyllite series consisting of anthophyllite a d 
gedrite; the cummingtonite series consisting of cummingtonite and ari 
nerite; the tremolite-actinolite series consisting of the two species : 
mentioned, and the hornblende series including the soda amphiboles : 
arfvedsonite, glaucophane and riebeckite: »Within each series there is 
isomorphism to the extent indicated in the formulae, but between these : 
series little overlapping is found» (p. 387). 


Anthophyllite series .........0+.seere- X,(Z,0;).(OH)» 
Cummingtonite geries »....0..5...22 60s X(Z4011)2(OH). 

Tremolite — actinolite series.......... W.X,(Z,011).(OH), 
Homblonde series...) n+. «eddie ew eee W,(XY);(Z,0,1).(0, OH, F), , 


The hornblende series is by far the most complex one. Berman divides : 
the species of this series according to the distribution of the elements : 
among the groups X and Y, as follows (p. 355): 


2.6 ays Si: Al Species 

5 0 ‘Lied Hornblende — edenite 
4 1 6:2 Hastingsite 

3 2 8:0 Glaucophane 

4 1 8:0 Arfvedsonite 


For the sake of completeness it might be added that riebeckite shows : 
the same relations between the element groups as glaucophane. They) 
differ, however, in the element distribution within the respective: 
groups, the dominating X element in glaucophane being Mg and the: 
dominating Y element Al, whereas in riebeckite they are Fe! and Fe™' 
respectively. 

After this introduction we shall deal with the chemistry of ecker- 
mannite. The analysis (Table 23) is computed on a basis of 24 (O, OH, F), . 
applying a method outlined by Warren (1930, pp. 505, 515). »There are | 
24 (O, OH) per molecule, and as these are the largest ions, and form. 
the body work of the structure, it is this number which is of primary 
importance to the structure. The amphibole analyses will therefore be 
discussed in terms of the number of atoms of each kind in the molecule, . 
the number of atoms of each kind being in all cases calculated on a. 
basis of 24 (O, OH, F).» His description of the calculation of the analyeg | 
is as follows (p. 515): - 

»The oxides are arranged in order of increasing radius of the meta 1 
ion. Column 1 (see Table 23) gives the per cent by weight of the oxides. 
Dividing column 1 by the molecular weight of the oxide, gives the rela- 
tive number of oxide molecules, which is recorded in 2. Column 2 i 
then multiplied by the number of oxygens (fluorine) in the molecul 
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Table 28. 
Analysis of eckermannite in kaxtorpite. Norra Karr, 
Analyst: R. Mauzelius, 1906. 


SS 


ss py. 2 | 3 4 5 
Weight Mol. Numb. of Numb. of metal atoms 
of numb. 0,0H,F and 0, OH, F Ideal comp. 
hae b c a b 
PREMIO w.n< | DOaS 0.936 1.872 | 8.03 8.03 8.03 8 8 
INE Okie wsncl, teat | 0.054 0.162 0.92 One 1 
Y { TiO,....| 0.39 | 0.005 | 0.010 | 0.04 } | | 
ReQccn.) 400" 0.059 | O.177 | 1.08 | 3.99 | 4 i 
| MgO... . 9.43 0.234 0.234 | 2.01 4.34 | | 2 
x (FeO .... 1.90 0.026 0.026 | 0.22 ( | 
| Loma 245 0.67 | 0.008 0.008 | 0.07 $0.35 | 
1Mn0O ... 0.52 | 0.007 0.007 0.06 
}Na,0 AL =e hs80's few "OLE82 0-182 | 3.12 | 23.96 4 
W C20 :... 0.35 | 0.006 0.006 | 0.05 | 3.61 
Cy Gee 2.42" | ‘0.026 0.026 0.44 | 
FOL. . 0.33 0.018 0.018 | 0.30 \ ‘ 
| iP ere 2.59 | 0.136 OS eT ee Pat ae : : 
—_—______. } | a ] 
101.30 | 2.864 | 
f 
Less O for F .. |__1,09 | ri TEES = 0.068 ) 
100.21 2.796 : 
sp. gr. 3.16 t= tee 8.58 
2.796 


giving in column 3 the relative numbers of oxygen, hydroxyl and fluo- 
rine atoms contributed. From the sum of column 3 must be subtracted 
one half the number of fluorine atoms, since for each two fluorines there 
has been an additional oxygen introduced in the analysis. The corrected 
sum of (3) divided into 24.0 gives the ratio by which the whole analysis 
must be multiplied to put it on a basis of 24 (O, OH, F). Column. (2) 
is then multiplied by this ratio, and by the number of metals in the 
molecule, giving in (4) the number of metal atoms of each kind on a 
basis of 24 (O, OH, F).» 

The actual amount of Si lies as close to the theoretical as can be de- 
sired. It can therefore be taken for granted that there is no replacement 
of Si by Al. Between the element groups X Y and W, however, it is 
evident that replacement occurs to a certain extent, for the X Y- 
group exceeds a whole number by almost the same amount as the W- 
group is less than a whole number. In column 4b FeY, Zn and Mn are 
included with X. They are, however, known to be interchangeable with 
Na, particularly Mn but also Fe™ and Zn in small amounts. By reckoning 
Fe", Zn and Mn to W (4c), both groups come very close to whole num- 
bers, four in each. The correct value for the OH, F content is assumed 
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Table 24, 
Arfvedsonite from Greenland (Warren 1930, p. 513). 3 


| yy, | Numb. of metal atoms on 


Weight % | 4 basis of 24 (0, OH, F) 
SiO geeciscairt tea 47.08 7.70 } 
ALO, siete taiy+. 1.44 0.28 7.98 . 
TLS Optiarc ‘4 — a | 
Weg Opvemete iets. ¢ 1.70 0.22 
MgO epics st — — / 5.10 
etn... 35.65 4.88 | 
Nin Oars, — —_ 
WN Gig O eterra-atciece 7.14 2.26 | 
CaO erates te 2.32 0.40 } 3.27 
REO Bilirastceity.< 2.88 0.61 f | 
EO ies 5 satis 2.08 2.26 2.26 
tae | 
100.29 


to be two. Considering the difficulty in the determination of water and 
fluorine, the difference from the ideal value is not surprising. Actually 
most amphibole analyses show a similiar degree of inaccuracy in the 
determination of these elements. 

The calculation of the eckermannite analysis suggests the following 
general formula (5 a): 


W,(XY),(Z,03;).(0, OH, F).. 


It should be pointed out that that the sum X + Y is only four, 
whereas in all other amphiboles known it is five. Thus this amphibole 
will occupy a unique position in the classification of the amphibole 
group, with whose general formula (WXY),-(Z,01;).(0, OH, F), it is 
in full agreement. The deficit in XY elements is compensated by a 
greater amount of the W elements. The maximum alkali content of 
hitherto calculated amphiboles is three. Some arfvedsonites show, 
however, a certain excess over this value. An arfvedsonite from Green- 
land, mentioned by Warren (1930, p- 513) after Berwerth (Sitzber. 
Wiener Ak. 85, 1882, p. 168) shows one of the greatest excesses of alkali 
— 0.27 (see Table 24). This is explained by Warren in the following 
terms: ».., a deficit in positive valence is caused by the partial replace-_ 
ment of Ca by alkali, and this deficit is compensated by the introduction 
of excess alkali, completely filling the AA’ position.» In the eckermannite — 
the alkali (and calcium) content amounts to 3.61. The amount by which — 
this exceeds three, 0.61, cannot, however, be regarded as an excess, for 
the value required in that case for the XY elements is five, but the ac-_ 
tual amount is only 4.34, even when reckoning Fe™, Zn and Mn with X. 


Bd 66. H. 2.] THE NORRA KARR DISTRICT, 203 


Table 25, 
Arfvedsonite from Los Archipel (Kunitz, 1930, p. 245). 
Analyst: Kunitz, 1930. 


| 1 1p) jak a Ce ae og 
: Mol. Numb. of; Numb. of metal atoms} Ideal 
o/ , ea 
Weight %| numb. |0,OH,F| and (0, OH, F) comp. 
| 
| _ AVS ORR 49.36 0.819 1.638 C49 |. 
SU eee 2.78 0.027 0.081 a Joes 8 
Se PIC ce ces ce | 2.12 0.027 0.054 0.25 \ 1.2 
Retreat cn 8.24 0.052 | 0.156 0.95 | Ga 1 
j ROMS geass tet Does) O47 I Or4ar | 1.34 
me, HeQ......... 8.93 | 0-264 0.254 EDI AS SER 4 
| MO oo ae em.s,0 | 0.86 | 0.012 0.012 0.11 
Na,O.......-. | 7.88 | 0.127 0.127 | 2.32 
my, CaO......... | 183 | 0,033 0.033 0.30 ¢ 2.80 3 
Ree O bearers wh « 0.39 | 0.010 | 0.010 | 0.18 
(2 eee eee 2.05 | 0.114 | O14 2.08 2 
100.16 | | 2626 | 
) 
i 4 9.14 
2.626 


eckoning them with W this group as well as the XY group amount to 
whole numbers, as shown in Table 23. 

Study of the XY group in the calculation of the new amphibole 
shows that Mg is the only representative of the X elements, and that 
it occurs in an amount of two. Reckoning Ti with Al, the amounts of 
the Y elements Al and Fe™ are both equal to one. The formula of 
eckermannite may be written (see Table 23): 


(Na, Ca, K); (Na, Fe”, Zn, Mn) Mg, Al Fe" (Si,0,,). (O, OH, F), 
r mentioning the structure-bearing elements alone: 
Na, Mg, Al Fe™ (Si,0,,)2 (0, OH, F)» 

This is not only a new species, it is also a representative of a new 
eries in the amphibole group of minerals. The general formula 
a(XY)s(Z4031)(0, OH, F), may be resolved into W,X2Y2(Zs013)s 
O, OH, F),. Comparing it with the other amphiboles it is evident that 
it follows the hornblende series in Berman’s classification. 


thophyllite series..........----+++4% X,(Zs0 11)2(OH)» 
mmmingtonite series ..........----+-- X,(Z1011)2(OH)» 
remolite—actinolite series ........---- W2X5(Z1011)2(OH)e 
Meniierde Series ¢. 0.2... ence ene W,(XY)5(Z.011)2(O, OH, F); 
ers es W,(XY)a(Zs013)2(0, OH, F), 


A closer comparison, with the related soda amphiboles, arfvedsonite, 
iebeckite and glaucophane will elucidate the chemical peculiarities 


J 
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Table 26. 
Riebeckite from Pikes Peak (Kunitz, 1930, p. 244). 
Analyst: Kunitz, 1930. 


th 4 3 4 5 
fore . Mol. (Numb. of Numb. of metal atoms| Ideal — 
Weight %) numb. |(0,OH,F) and (O, OH, F) | comp. 
PHO SRO 49.46 0.320 1.640 7.9 | 8 
PALL Otereesnectete. 1.05 | 0.010 0.030 0.2 \ 24 ; 2 
¥ NWESER OB hae ces | 15.78 0.099 | 0.297 ai 
IV OMG  rreiete sc 0.62 0.015 0.015 0.1 | 
EXGK WHS On teas 21.03 | 0.292 0.292 2:8) Sa. | re 
MRO! a er ahs i 1,23 0.017 0.017 0.2 if | 
| WENO 5 55 ooGs 8.19 ; 0.132 0.132 2.6 \ 5 
Nee RR oa Lg oot | 9.018 | Os} an ) 3 
EO Seana t 1.15 | 0.064 | 0.064 | 1.2 . 2 
100.23 | 2.505 | 
f= 4. 9.58 
2.505 


Table 27. 
Glaucophane from Zermatt (Kunitz, 1930, p. 244). 
Analyst: Kunitz, 1930. 


1 2 3 4 5 
Weizht ° Mol. Numb. of} Numb. of meta! atoms| Ideal 
eight %| numb. |(0,O0H,F)| and (0, OH, F) | comp. | 
; 
Liars SiO rere Yas is 57.73 0.957 1.914 7.78 \ 
ALO) seen 12.04 0.118 | 0.354 1.92 | 
mat ee aaa FT 0.007 | 0.021 0.11 f 2-93 . 2 
(Mc OV peer ac , 13.02 0.323 0.323 2.63 \ 
NG Wee ee 5.41 0.075 0.075 | 0.61 f 24 |. 3 
| p20 ner OP hae G98: |) 0.418" | > Ores 8) 1.84 | 
We Ves (CaO Aatyee 28% oY Se ee Oe) 0.019 | 0.15 > 2.10 2 
LON, Oars ee 0.68 0.007 0.007 | 0.11 | 
HO pent nee re 2.27 0.126 0.126 2.05 | 2 
| 100.33 2.952 
24 
Sere 8.13 


of eckermannite. As representative of the arfvedsonites a species fro m 
Los Archipel, analyzed by Kunitz (1930, p. 245), was chosen (Table 25). 
As representative of the riebeckites a species from Pikes Peak, analyzed 
by Kunitz (1930, p. 244), was taken (Table 26). As representative of 
the glaucophanes a species from Zermatt, also analyzed by Kunits 
(1930, p. 244), was selected (Table 27). 


1 This analysis has been calculated by Berman (1930, p. 353). 
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Table 28, 


Compilation of Columns 4 and 5 from Tables 23, 25, 26 and 27. 
SS 


Numb. of metal atoms and (0, OH, -F) 
| Arfvedsonite Riebeckite | Glaucophane | Eckermannite 
'Z {sio | 
|Z CR ee ee 7.49 | Vee 8 7.78 8 8.03 
es See oso f 8 0.2 | 1.92 | 0.92 | : 
RIO ccs cnt xs 0.25 | 1 2 - 2 0.04 > 2 
ROR aoc oc. 0.95 f fF 9 } 0.11 | 1.02 i 
| eee 4 eect 1.34 | ela. | 2.63 2.01° 2 
ix C\9 oe aoe ee 2.32 2.8 0.61 | 0.22 
oa! eee | 4 3 3 0.07 
fel; MnO ........ 0.11 0.2 : 0.06 
w 1 Na0........ 2.32 | 2.6 | 1.84 312( 4 
| ae 0.30 + 3 3 3 | 2 0.05 
| (Ko Pack van 0.18 | 0.3 | Q.11 0.44 
Bieviwvnv |. gee: 8 eet. 205 2 0.30 | 9 
ied Sea ere z 


The distribution of the elements within the groups W, X, Y and 
for arfvedsonite, riebeckite and glaucophane is compared with that 
f eckermannite in Table 28. It is seen that eckermannite is more related 
o riebeckite and glaucophane than to arfvedsonite, having the same 
mount of Y elements as the two former minerals. It differs from 
iebeckite in being practically devoid of ferrous iron and having a con- 
iderable magnesium and aluminium content. The difference from 
laucophane is less striking, although distinct. Glaucophane contains 
wice as much aluminium and has only a subordinate amount of ferric 
on, which amounts to one in the eckermannite formula. Finally, it is 
orth while to mention the remarkably high fluorine content of the 
ekermannite and the small content of water. 


Aegirite. This mineral occurs in the form of euhedral needles 
r narrow laths. In the mafic streaks in kaxtorpite it is intimately inter- 
ingled with eckermannite. Aegirite is the most common inclusion, in 
he large microcline crystals and is often seen in albite and nepheline 
s well. 

This needle-like development of aegirite seems to be characteristic 
f certain alkaline rocks, e. g. the coarse-grained nepheline-syenite from 
mptek as described by Hackman (1894, p. 114), the aegirite-lujavrite 
om Julianehaab as described by Ussing (1911, p. 166) and sirnaite 
rom Sarna as described by Magnusson (1923, p. 314). The needles 
re elongated in the direction of the prism. The ends are often, terminated 
y pyramidal faces but are sometimes irregularly bounded, Twinning 
fter (100) may be seen. Pleochroism is distinct, with 
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X: olive green, Y: light olive green, Z: yellowish green 
x > Nee 


The extinction angle is small, below 5°. Accurate measurement is | 
rendered difficult by the smallness of the crystals and their tendeaaly 
to gather in aggregates. 

Pectolite. Pectolite occurs as grains of up to one mm magnitude — 
with a brownish red colour. These generally escape attention in the dark 
kaxtorpite rocks, except in those comparatively rare cases when a great 
number of grains have gathered together. Megascopically the individuals 
have the appearance of rather equidimensional grains without a 
graphical outlines. 

Under the microscope the pectolite attracts attention by its strong | 
interference colours. Together with eckermannite it is the most charac- 
teristic mineral of the kaxtorpite rocks. The grains are generally per- 
fectly fresh but may contain a dark coating, particularly along cracks, 
which has proved to consist of manganese hydroxide (Térnebohm, 1906, 
p- 28). Pectolite has in general subhedral boundaries. Some grains are 
slightly elongated along the b-axis which gives them a somewhat 
prismatic habit. When pectolite is enclosed in nepheline, or more cor 
rectly, in the alteration product of this mineral, natrolite, it often has a 
euhedral development. H 

Pectolite was considered to have a monoclinic symmetry until Warren — 
and Biscoe (1931), on the basis of X-ray analysis, found it to be triclinic. 
Morphological and optical studies carried out by Peacock (1935) om 
pectolite from Paterson in New Jersey proved to correspond with t 
result. The mineral has, however, a marked pseudomonoclinic ie 
of its optical elements which appears from the following passage referring — 
to the Paterson pectolite (Peacock, 1935, p. 108): »The optic axial 
plane does not lie exactly in the b-axis, as required by the hitherto 
accepted monoclinic symmetry, but slightly inclined, so that needles 
lying on a (100) extinguish at 2° against the trace of c (001) while needles” 

lying on c extinguish parallel to the trace of a. X, the obtuse bisectrix, 
is inclined at 10° to the c-axis, nearly in the acute axial angle f; the 
acute bisectrix, Z, is nearly in the b-axis.» 

The Norra Karr pectolite shows good (001) and (100) cleavages, 
which is common for this mineral. Sections after (001) have Z parallel 
to the trace of (100), showing parallel extinction, whereas in sections 
after (100), Z is slightly inclined to the trace of (001), showing an ex- 
tinction angle of 2°. Pectolite gives a clear interference figure showin 
an optically positive sign and indicating a moderate axial angle, Dis- 
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Table 29. 
Indices of refraction of various pectolites. 
—————E—eEE=—_—X— ————_——_—_—_—_—_—_—___ 


es | 3 | 1 | 5 
| 
aM ae aaM|cas ls caine cc Li 
(i aap i as en 1.600 1.604 1.605 | 1.6098 1.600 
Rg Se ea 1.605 1.610 1.610 | 1.6419 
Pe sce. | 1.636 1.636 1.640 | 1.6430 | 1.638 | 


Pectolite from Paterson, New Jersey (Peacock, 1935). 

Pectolite from Franklin and Sterling Hill, New Jersey (Palache, 1935); 
. Pectolite from Norra Karr. 

. Pectolite from Schlucht Juksporlak (Kostylewa, 1925). 

. Pectolite from Mt. Khibines (Beljankin and Iwanowa, 1933). 


dink pe tui) lly ae 


ersion is perceptible, r > v. Accurate measurements of the axial angle 
ave 2Vy = 35°. Other optical constants are: 


XAc=14. 
a: 1.605 


Ae L.G20. 
y: 1.640. 


The indices of refraction are only slightly different from those given 
y Peacock for pectolite from Paterson or from those given by Palache 
n, pectolite from Franklin and Sterling Hill (1935, p. 65). The indices 
or pectolite from Schlucht Juksporlak on Mt. Khibines as determined — 
y Kostylewa (1925, p. 383), however, deviate considerably from these 
alues (see Table 29). The indices given by Kostylewa require an optically 
egative sign, whereas all other pectolites are known to be positive. 
ersman (1926, p. 298), in a table of the optical properties of various 
ola minerals, gives Kostylewa’s indices of refraction but states the 
ineral to be positive. In view of the compilative character of the table, 
owever, it may be that this statement is not based upon microscopical 
bservation. Supposing Kostylewa’s determinations to be correct, we 
pparently have to deal with a relation analogous to that existing be- 
een eudialyte and eucolite or between positive and negative titanite, 
ortly to be described. However, before drawing definite conclusions 
s to the double character of the optical sign of pectolite, a verification 
f Kostylewa’s results is desirable. The extreme indices of refraction of 
nother pectolite from Mt. Khibines determined by Beljankin and 

anowa (1933, p. 327) show good agreement with the pectolite from 
aterson. f is, however, not given. The optical sign of this specimen 
erefore cannot be estimated. 

A chemical analysis of the pectolite from Norra Karr was presented 
y Tornebohm (1906, p. 28) with the comment that it agreed fairly 
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Table 30. 
Analysis of pectolite from Norra Karr, 


Analyst: R. Mauzelius, 1906. 


Numb. of metal atoms 


| Weight % Mol. numb, Numb. of °| rer 


EOS Aeon emit 52.7 0.874 | 1.748 2.93 \ 
ALO. AW nd vk 0.9 0.009 | 0.027 0.06 f 2:29 
HpdnL Dewars okay +6) ais dear 0.1 0.001 | 0.002 0.003 
PRS; Op one cwiesaies | 0.6 0.004 0.012 0.03 | 4 ,, 
MNES) ue cetiers aithoanes | 0.2 0.005 0.005 0.02 { : 
WEN IN O ertteet tren te | 2.2 0.031 0.031 0.10 
MON Om eta ane 78 L peQuier 51 la 0.147 0.98 0.98 1 
Lia. O; cen tee | 0.3 0.003 0.009 0.02 
CaO ae ects | 29.9 0.533 0.533 1.79 } 1.82 (1.97) “2a 
KOs nao he ie i | Od ie oon 0.001 | 0.01 | 
Omer ae tes | Ba) O.aee ae eee 1 
99.2 2.687 
= pen <= 3.35 
2.687 


well with the analysis of manganese-pectolite from Magnet Cove, Ar - 
kansas as given by Williams (1891, p. 386). This analysis was computed - 
on a basis of nine oxygen atoms in the formula, taking half the content 


30) is seen to be in very good agreement with the formula Ca,NaHS$i;05, 
- reckoning manganese and the other elements of minor importance with 
calcium as suggested by the formula of the isomorphous schizolite 
(Ca, Mn),NaHSi,0.. 

In Table 31 a compilation of pectolite analyses from different localities 
has been made. Manganese is able to substitute calcium to a smaller 
or greater extent and occurs in varying proportions in the different | 
analyses. The specimens from Norra Karr, Franklin and Sterling Hill, 
and Magnet Cove obviously represent transitional members between 
pure pectolite Ca,NaHSi,O0,, and schizolite (Ca, Mn),NaHSi,O,. For 
comparison a schizolite analysis is given (column 8 in Table 31). 


Titanite. This mineral is the most abundant of the accessories. 
Tt occurs as wedge-shaped grains of 0.2—0.4 mm diameter. They are: 
usually intermingled with the mafic constituents, more seldom they are 
surrounded by albite and nepheline. In the latter case they have a 
tendency to collect, sometimes forming patches one mm or more in 
diameter. The colour is light brown with no perceptible pleochroism. — 
Other grains are paler, almost colourless. 

In the two pectolite-poor kaxtorpite types all grains are optically 
positive as titanite is known to be. In the pectolite-rich type, however, 
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Table 31. 
| 1 2 3 4 5 | 6 7 8 
Sy 
TR oe eae | 52.7 | 52.04) 53.80] 53.03 53.80| 52.24 | 54.32 51.06 
1 | 0.9) 0.62 G.ool — 2.06 | 
Se 0.1 | trace | 0.62 
Be Os yak nis 4 0.6 | | 0.00} 0.10 0.95 0.11 
IO oo < nis | 0.2; 0.05} 0.00) — | trace | 
AD ae ieee | . 1.29] 1.00 |} — |(+Mn0)1.75 | 2.74 
eee | 0.26 
2.2| 2.31! 0.12} 4.25) 0.55| | 9.84 
0 ee 91} 7.97] 9.01] 8.99} 7.38 |(+K,0) 8.48 9.32 9.97 
2 Onmeled3 
Metin, .:... | 0.3 | = | 
: | | | 2Ce,0, 0.94 
OO) | 29.9} 31.15) 33.20] 30.28 | 32.04 33.83 | 34.00 22.89 
BEES once cas 0.12 | — | 
BaO Seat ede eh om | | 0 13 | — | 
MOD Se ex 0.1. 0.90) 0.00 10.59 
BE xo sear 83 0 = trace 
BOY ens | 3.1] 3.07} 2.94 2.43] 2.85] 3.70 2.55 0.55 
| 99.2 | 100.21| 100.07| 99.90 | 100.22! 100.00 | 100.30] 99.64 


- Pectolite from Norra Karr. Térnebohm, 1906, p. 28. 
- Pectolite from Franklin and Sterling Hill. Palache, 1935, p. 66. Analyst: R. B. Gage. 
. Pectolite from Paterson, New Jersey. Peacock, 1935, p- 109. Analyst: F. A. Gonyer. 
. Pectolite from Magnet Cove, Arkansas. Williams, 1891, p. 386. Analyst: Williams. 
. Pectolite from Schlucht Juksporlak. Kostylewa, 1925. (Ref. Fersman, 1929, p. 40). 
Analyst: N. P. Wrewskaja. 
. Pectolite from Lingban. Igelstrém, 1859, p. 400. Analyst: Igelstrém. 
Pectolite from Niakornat, Greenland. Boéggild, 1905, p. 389. Analyst: Chr. Christensen. 
. Schizolite from Kangedluarsuk, Greenland. Boéggild, 1904, p. 136. Analyst: Chr. 
Christensen. 


m examination of the different grains revealed the puzzling feature 
at some of the grains were optically negative. A mere inspection of 
e thin sections does not indicate that there is any difference in optical 
roperties between the different individuals. All grains have quite the 
me appearance, and it has proved impossible to distinguish the two 
inds of titanite when an interference figure is unobtainable. Dispersion 
strong r > v, more pronounced in the negative mineral than in the 
sitive. Otherwise there is no fundamental difference in the optical 
operties of the two varieties. The double refraction is, however, 
aller for both varieties than for titanite in general. Térnebohm (1906, 
29) gives a rather extensive description of the negative titanite, but 
has apparently failed to observe the positive titanite in the pectolite- 
h kaxtorpite type (described as a lakarpite type in Tornebohm’s sense 
this term), at least he does not mention it, although he has recorded 
sitive titanite in the other kaxtorpite types. 


1 There is a small difference in the K,O content of this analysis as reported in N. J. 
26 II, p. 317 (K,0: 0.53) and by Fersman (1929, p. 40). Here Fersman’s figure is gi- 
mn, The original paper has not been seen. 


14440060. G. F. F. 1944. 
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It was thought that in certain parts of the pectolite-rich kaxtorpi 
area there might be a concentration of one kind of titanite at the ex. 
pense of the other. Several thin sections from different outcrops wer 
examined. Positive and negative titanite occurred, however, side by sid 
in all of them with only accidental variation in the distribution. Positive 
and negative titanite with a similiar mode of occurrence has been — 
mentioned by von Eckermann from urtite and ijolite on Alné (1942, pp. 
418, 443). He suggests that the difference in optical orientation may 


depend upon the presence of lanthanides. 


4 

Apatite. Apatite occurs as small, generally euhedral grains of 

about 0.1 mm diameter. It is usually found together with aegirite a 
eckermannite but is only seldom included in the amphibole. 


oto il 


Fluorite. Fluorite occurs as interstitial masses between the - 
other minerals. It is only rarely found in the pectolite-rich kaxtorpite | 
type but is more abundant in the two pectolite-poor types. i 


ce. Petrographical Character. ; 


The chief minerals of the kaxtorpite rocks are: microcline, ia, 


(in part perthitic), nepheline (more or less decomposed into natrolite), , 
eckermannite, aegirite and pectolite. Titanite, apatite and fluorite are: 
present only in accessory anounts. As a secondary mineral prehnite is : 
occasionally found. 

We shall first deal with the pectolite-rich kaxtorpite (kaxtorpite 1), 
which belongs to the nepheline-syenite family. The most conspicuous, 
megascopic feature of this rock is the large, glassy microcline crystals 
(Fig. 23). They show a certain variation both in magnitude and m 
abundance. They may vary from five mm to two cm in length. The: 
microcline crystals are distinctly crystallographically bounded by and_ 
evidently belong to a generation other than that of the feldspar of the 
eroundmass. The groundmass minerals generally have a grain diameter 
between one and two mm, but the aegirite needles are smaller, only 
0.2—0.3 mm long. : 

Under the microscope it is seen that microcline only rarely occurs 
in the groundmass. Here the most abundant feldspar is albite, very 
often untwinned. Nepheline is rather irregularly distributed, some thim 
sections being quite rich in this mineral, whereas others may be almos 
devoid of it. The relative amounts of aegirite and eckermannite 2 
subject to certain variations, though eckermannite is in general pre 
dominant. Like nepheline, pectolite also shows a tendency to accum 
late in certain parts of the rock. Some thin sections may contain as 


ooh 
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much as ten per cent of pectolite whereas others may not have more 
than three per cent. 

The texture of the groundmass can be seen from Fig. 26. Albite and 
nepheline usually form anhedral, oval individuals, The aegirite needles 
will in general gather in aggregates, often associated with eckermannite 


g. 26. Groundmass of kaxtorpite (type 1). A: albite, M: microcline, N: nepheline, partly 
red into natrolite, Ae: aegirite, E: eckermannite, P: pectolite. Magnification: c. 13. 


hich generally occurs in isolated laths. Pectolite is euhedrally bounded 
ainst albite and nepheline and often occurs as inclusions in the latter 
ineral, having, particularly in this case, crystallographic boundaries. 
may also be found as inclusions in the large microcline crystals to- 
ther with aegirite and titanite. Pectolite shows, however, evidently 
edral boundaries against aegirite and eckermannite. Apparent 
er inclusions of pectolite in eckermannite have proved to belong 
adjacent pectolite grains which have crystallized later and 
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pierced the eckermannite. Titanite is occasionally found as inclusi 
in pectolite. 

The two other kaxtorpite types (kaxtorpite 2a and 2b) differ from 
the type first dealt with in certain respects. For instance, the large well- 
bounded microcline crystals are lacking in these rocks; they only contain 
about five mm large, irregularly bounded microcline and albite individu- 
als, often perthitic. Microscopic examination shows that these individuals 
have jagged and granulated boundaries, sometimes being intersected | 
by lines of inclusions. The albite often has inclusions of aegirite and | 


Fig. 27. Polysynthetically twinned albite showing protoclastic deformation. Kaxtorpite,: 
type 2b. Magnification: 100. 


eckermannite. Both rocks have an indistinctly porphyritic appearance. 
Pectolite only occurs in subordinate amounts but is nevertheless @ 
characteristic constituent. Fluorite is more abundant than in the first 
type. In some thin sections a few grains of an isotropic mineral with low 
index of refraction, which may be sodalite, are seen. 4 

Between themselves the two last mentioned types differ in the com= 
tent of nepheline and in that of mafic minerals as can be studied 
in Tables 33 and 34. The mafic minerals, aegirite and eckermannite 
have otherwise the same habit and the same mode of occurrence 
all three kaxtorpite types, and this is also the case with the other mineral& 
of the groundmass. 

As was mentioned in the previous chapter, the kaxtorpite rocks were 
in the main schistose, only the pectolite-poor nepheline-bearing kax 
torpite (kaxtorpite 2a) having in part a massive development. Unde 
the microscope it can be seen that the massive rock shows evidence ¢ 
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sataclastic deformation such as strain shadows in the microcline and 
peripheral crushing of the larger feldspar grains. The schistose rocks 
show the same features but also show indications of protoclastic defor- 
mation, the twin lamellae of the polysynthetically twinned albite indi- 
viduals being folded, as seen in Fig. 27. 

The most extraordinary feature of the kaxtorpite rocks, which are 
not very rich in lime, is undoubtedly the circumstance that pectolite 
occurs in essential amounts and seems to appear as a primary mineral, 
euhedrally bounded with the feldspars and nepheline, but anhedrally 
bounded with aegirite and amphibole. 

The most common mode of occurrence of pectolite is in certain, basic 

rocks together with zeolitic minerals, e.g. as described by Schwartz 
(1925, p. 83) in a diabase from Pigeon Point in Minnesota where pecto- 
ite, xonotlite and prehnite occur as secondary products, or by Walker 
nd Parsons (1926, p. 15) in a diabase from Lake Nipijon, Ontario, 
ogether with analcite, prehnite and scapolite as cavity fillings, or by 
dgeild (1905, p. 388) in basalt from Niakornat in Greenland. Pectolite 
ay also occur in connection with contact-metamorphosed limestones, 
.g. on Gjellebekk near Oslo (Warren and Biscoe, 1931 p. 400+), or in 
ranklin where pectolite is grouped with the pegmatite contact minerals 
ollowing the deposition of the zine ores (Palache, 1929 a; see the table 
acing p. 20). Pectolite has a similiar mode of occurrence at Langban 
Palache 1929 b, p. 43). 
Pectolite has been considered to be a typical low temperature mineral. 
en it was previously observed as an accessory constituent of certain 
Ikaline rocks, it was taken as evidence of hydrothermal activity e.g. by 
anck (1928, p. 85) who referred to the results of Koenigsberger and 
iiller (1921, p. 433) which under certain conditions gave a stability raage 
or pectolite between 330° C and 360°C. Williams (1890, p. 386) has de- 
ceribed manganese pectolite in a eudialyte-bearing nepheline-syenite 
rom Magnet Cove. It is here a secondary mineral formed at the expense 
f eudialyte and aegirite. Brouwer (1910, p. 129) has described a mineral 
hich he supposed to be pectolite in a eucolite lujavrite occurring near 
ijdhoek in Transvaal. This mineral is regarded as a late crystallization 
roduct having anhedral boundaries with feldspar and nepheline. 

Very little is written in West European languages concerning the 
mineral association of pectolite in the alkaline rocks of the Kola 
eninsula. Fersman in one paper states that it occurs in nepheline- 
yenite pegmatites together with yuksporite and. neptunite (Polka- 
ov, 1937, p. 100), and in another he says: »It (pectolite) occurs in 


rofessor V. M. Goldschmidt the mineral 
until X-ray examinations proved it to 


1 According to a private communication from P 
ad here previously been taken for wollastonite, 
e pectolite. 
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large masses in gneissic pegmatites or nephelite syenites. Numerous 
analyses show it to possess a variable composition. It is accompanied 
by sphene, fibrous astrophyllite, aegirite, biotite, natrolite, and more 
rarely by grains of fluorite, galena and sphalerite» (Fersman 1926, p. 
294). 

_ appears from the foregoing remarks the mode of occurrence of 
pectolite in kaxtorpite is quite different from the modes of occurrence 
described. It is difficult to find a plausible explanation for the formation — 
of pectolite in kaxtorpite. There is nothing in the chemical compositior 
of the kaxtorpite rocks indicating that they contain such a calcium-— 
rich mineral as pectolite. It is remarkable that the content of lime — 
in the kaxtorpite analyses has entered the pectolite almost quantitativ 
ely, leaving the amphibole, which shows euhedral boundaries with — 
pectolite, and the plagioclase, which shows anhedral boundaries with 
pectolite, virtually calcium-free (see Table 23 and p. 194). The formation 
of pectolite in these rocks must be due to quite peculiar physicochemical 
conditions during the crystallization. It is probable that volatile con 
stituents have played an important role. 


d. Chemical Composition. 


From the chemical analysis (Table 32) it is seen that the kaxtorpite — 
type 1 is of a highly sodic character, even if not so sodic as the lakarpite 
The preponderance of alkalis over aluminium is sufficient to place the — 
rock in the agpaite subgroup of the nepheline-syenite family (see p. 180), 
the relation ae being 1.3. In distinction to the Greenland members 
of this subgroup, the kaxtorpite is, however, devoid of zirconium. 

A characteristic feature is that by far the greater part of the iron” 
content is present as ferric iron. The ferrous iron is just sufficient to 
bind the titanium available for the formation of normative ilmenite, 
thus leaving the norm free of magnetite. The eckermannite is represented 
in the norm mostly by acmite, whereas the amphibole of the lakarpite 
appeared as diopside and olivine components (Table 18). Thus from the 
norms we can recognize an essential difference between the chemical 
characters of the two amphiboles, the eckermannite exclusively contain- 
ing ferric iron, which is also verified by the mineral analysis (Table 23), 
whereas ferrous iron must be predominant in the amphibole of the 
lakarpite. 

_ The content of aluminium is insufficient to form normative anorthite. 
Owing to the low aluminium content, the excess of calcium in the norm 
after the formation of apatite enters wollastonite, which in the norm 
represents the pectolite of the mode. 
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Table 32. 
Analysis of pectolite-rich kaxtorpite (1), Norra Kiirr. 
Analyst: Grosser, 1935 (Tréger, 1935, p. 169). 
10000 M| Norm Mode Vol.% Ahlen 
Bota | Orvc. 23.28 | Albite qz —- 60 
109) } Ab. sc. 35.03 AbgAn,) (22 isi 194 
1 : Nef. 8.94 | Microcline ti ait 
: = ic Kf,,Naf, Pp 1.0 
103 sal... 67.25 Rbf, t 31 
Ge erg eee 5.51 | Nepheline 12] al 27.0 
DGS) en ees 5.71 | Ecker- fm 24.5 
645 | ac..... 14.21 mannite 19| c¢ 12.5 
1463 | Na,SiO,; 2.15 | Aegirite 5 | alk 36.0 
AV Pa Th. Se 1.66 | Pectolite 8 
Hae wb.5. 0.09 | Titanite 2|mg 0.44 
5 | ap..... 1.70 | Apatite aD ede (322 
| Sfem .. 31.03 ) 100 c/fm 0.35 
| H,O 1.62 | 
COR 002" | 
) 99.92 | 


Quantitative System wells 


Table 33. 


6 (5):1:4, Lardalose (Umptekose). 


Analysis of pectolite-poor kaxtorpite with nepheline (2 a), Norra Karr. 
Analyst: Thelma Berggren, 1948. 


Weight | 19 Niggli’s 
oF 10000M = =—S— Norm Mode Vol% — Ase, | 
Gis bas 58.95 | 9776 | Or..... 22.94 | Albite qz +44 | 
ae a. 0.97 121 | Ab 49.87 | Abs An, 37 | si 194 | 
BOR accrue <0 6 « 0.04 3 | Nef. 5.44 | Microcline 31 | ti 2.41 
yt 15.84 | 1550 | H..... 0.81 | Nepheline 10/ zr 0.06 | 
0 See 3.63 | 227 Lists ee 0.05 | Ecker- : p 0.44 | 
eee 1.44 200 ; mannite | 
iG 12.000 0.16 93 | 2sal.-. 79.11 | a opirite 9)al 308 
Se La dXs 434. | wos)... 3.88 | Pectolite 2|\fm 22.1 
ea ae , «oot | G26 Oly... 4.37 | Titanite 2 | c 12.7 
Dee ces ee | 0.05 Bin RaC Ss io 5.46 | Apatite 1 | alk 34.4 
TD) Se oe 0.07 ‘| Ean 0.11 ‘Fluorite 1 
CAO ge Soe S17) Lolo | tt... - 1.84 |" 100 | ™S 0.39 
Bites Oraisvstars atch s 3.87 ANS || SulaAeioe 2.37 k 0.24 
ee 0.32 DOR AD fe tetr 01 0.76 
ae 0.00 Mr eas cfm 0.57 | 
H,O> 106°...| 0.53 | Bea ar os 
HO < 105° 0.13 | gfe 
3 lepine ee oor.) aie | HO... 0.66 
ee 0.51 | 144 100.81 
100.85 
| 
Less O for F, Cl Ost 
100.34 


Quantitative System: If:5:1:4, Umptekose. 
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Table 84. 


Analysis of pectolite-poor kaxtorpite without nepheline (2b), 
Norra Karr. | 


Analyst: Thelma Berggren, 1942. 


i | Niggli’s 
tia 10000 M) Norm | Mode Vol% | pla 
{ | 
SiO wera esrvteah et Gates LO ALIN caters 1.98 | Albite qz + 15 
MELO Rrteaotlss: 50 0.62 TP A Onerens 30.70 | Ab,;An, 47 Si 243 
ZERO rele ork 0.34 28.1) ABS ea 54.76 | Microcline 37 ti 1.79 7 
INK di oieat coat © 16.26 1 BOL EE are 0.03 | Ecker- Zr 0.65 | 
N54 0 apes eeu A 2.40 TSO alta ern ee 0.51 mannite 5 ; 
REO ties 1.25 174 | sal 87.98 Aegirite T» [al 37.0 
IMTiOL cre some ae 0.20 OSI ae 3 Pectolite 2 |fm 105 
BMgOen vnses 3 1.04 258 | wo..... 1.55 | Titanite 1.5 | ¢ 6.0 
CaO Sets te ters ob 1.39 248 | en..... 2.60 | Fluorite 0.5 | alk 39.5 
SrOhscsaateeer 0.01 Th aece earns 1.16 Ln ees ee a 
Pea 2c st 0.04 3 | Na,SiO, 0.97 | mg 0.34 
PINa.O Se. Sons's 7.11 1147 | Bocas 1.18 | k 0.32 
(RCN, cota 5.18 550 | mt..... 2.91 | | 
IPE Ore ee eo te 0.04. Sey ap aa 0.11 c/fm 0,34 
SOM ees 0.00 Ree c 1.04 
H,O > 105° 0.63 Te oh rer ere 
HO <105°...| 0.14 Sfem .. 11.52 ) 
Bear ce As 0.42 221°) HL Ofe 8 O97: 
ee mete 8 O63: | 9 | 100.27 | 
| 100.24 | | 
Less O for F, Cl 0.419 
100.05 | ) 


Quantitative System: I:5:1:4, Nordmarkose. 


When calculated to which order of the quantitative system the — 
kaxtorpite 1 belongs, it is found to lie on the border between orders 6 
and 5, lendofelic and perfelic. The position of the rock is therefore be 
tween II:6:1:4, Lardalose and II:5:1:4, Umptekose. 

The kaxtorpite type 2 a (Table 33) is not so sodic as type 1 but other- 
wise all essential chemical features such as the aluminium, calcium, 
and magnesium contents, the ratio between ferrous and ferric iron and 
that between sodium and potassium are in agreement. In the quantitative 
system the rock belongs decidedly to the umptekose subrang, its position 
being IT:5:1:4, Umptekose. It is however richer in alkalis than, the. 
rocks generally referred to as umptekite, pulaskite or any petrographical 
term covering rocks related to these. Petrographically it must be said to 
belong to the nepheline-syenites, but it approaches the pulaskite group 
(Johannsen, 1938, p. 5). 

The norm indicates a considerable sodium content in the microcline, 
as it does for the kaxtorpite type 1 (where it was verified by anelysis 
of the microcline), the Table 33 showing much less modal albite than 
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Table 35. 
EE 
i! 2 
S10... 22.5... 63.14 63.68 
> ae eae 0.62 0.80 
PROM. facas oes 0.34 0.02 
BE Ces ee 16.26 17.37 
£0 pia te aa } 2.40 | Slit 
BOR Bio tose es 1.25 | 1.39 
LN ne oe | 0.20 0.16 
Uo een los | 0.68 
2 es le 1.39 1.16 
SLO Bate eae eee 0.01 | = 
2 a Re 0.04 0.04 
INSLOM te ee ue TA 6.50 
RG Oh xcoecs icltac. thy | 5.18 | Bary 
1 Ree A ) 0.04 | 0.10 
po 0 eae, ies ae a 0.00 
H,O> 105°... | 0.63 0.38 
Oe 105°)... | 0.14 0.07 
Pen Ae ce eccdatee 4 0.42 n.d. 
31 Ae ae eR | 0.03 n.d. 
100.24 | 100.32 


. Pectolite-poor kaxtorpite without nepheline (type 2b), Norra Karr. 
. Mean of twelve analyses of nordmarkites from the Oslo district (Brégger, 1933, p. 87), 
including CO,:0.01 and S:0.02. 


ormative soda feldspar and at the same time much more modal micro- 
line than normative potash feldspar. 

A remarkable feature of the kaxtorpite type 2 a is the high amount 
f chlorine which necessitates the introduction of halite in the norm, 
e content of phosphorous being insufficient to satisfy the chlorine 
ontent in the formation of normative apatite. Sodalite is only found as 
rare accessory and can by no means account for so much as 0.81 per 
ent NaCl. The only mineral of the rock which can be imagined to 
ontain a certain amount of chlorine is eckermannite. 

The amount of normative fluorite is also amazingly great compared 
ith the content of this mineral actually present in the rock, even if 
e allow a certain amount of fluorine to enter the eckermannite (see 
able 23). Fluorite is, however, very irregularly distributed in the rock 
nd the specimen selected for analysis probably happened to be one 
ceptionally rich in this mineral. 

The kaxtorpite type 2 b (Table 34) is decidedly more acid than the 

o other types. The norm even contains a certain amount of quartz. 
© quartz has, however, been detected under the microscope. The rock 
ows the same characteristic chemical relations as the two other 
axtorpite types, which appears both from the norm and from Niggli’s 


stem. 
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In the quantitative system the rock has the position 1:5:1: 
Nordmarkose, thus having order, rang and subrang analogous to thos 
of the kaxtorpite type 2 a and only differing from this rock in the rela 
tion between salic and femic minerals. This places it in Class 1. 

The analysis resembles very much that of nordmarkite from the Os 
district. In Table 35 the mean values of twelve analyses of nordmarkites 
from the Oslo district as given by Brogger (1933, p. 87) can be compared 
with the kaxtorpite type 2 b from Norra Karr. All figures except that 
of ZrO, lie within the limits of variation of the nordmarkite analyses 
The zirconium belongs, however, to katapleite which is derived from the 
grennaite. This circumstance is due to the fact that the marginal part 
of the area containing the kaxtorpite type 2 b was to a certain extent 
mixed with grennaitic material, and it is only this marginal part which is 
exposed, as appears from the description of the field observations (p. 
192). The normal kaxtorpite rocks are zirconium-free as has been 
pointed out previously (see p. 188). 


n rl 
a en 


VY. Fenitization of the Surrounding Granite. 


As was mentioned on p. 119 the Vaxi6 granite surrounding the Norra 
Karr district is transformed into syenitic and quartz-syenitic rocks 
at a distance of up to 100 metres from the contact. We have a fenitiza- 
tion zone, to use a term well known in Scandinavia. The word fenite, , 
first used by Brogger (1921, p. 156), is used in the sense emphasized | 
by von Eckermann (1942, p. 402): »...med fenit maste avses huvud- : 
sakligen in situ metasomatiskt, med eller utan substansutbyte, om-~ 
vandlade kontaktanslutande bergarter, och icke mobiliserade och | 
transporterade hybrida blandbergarter?.» 

The fenite rocks around the Norra Karr district have retained the 
structural features of the granite and grade so gradually into this rock : 
that it is not possible to determine the width of the fenitization in the 
field. The variations are, however, readily studied under the microscope. 
It can be seen that the width of fenitization is not the same in al 
directions. It is at the most 100 metres, often only 50 and never less tha 
25 metres. On the whole it seems that the fenitization has reached furthel 
to the west of the Norra Karr district than to the east. 

The intensity of the fenitization decreases radially from the gren: 
naite border. There may however be certain irregularities, different 
fenite types being found at equal distances from the contact. It is some 


1»... by fenite should be understood contact rocks altered metasomatically maink 


in with or without exchange of material, but not mobilized and transported hybri 
rocks.» 
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jimes difficult to say to what extent the variations are due to ioitial 
nhomogenities in the granite, since the Vaxié granite may contain basic 
segregations which it is not always possible to recognize when they are 
uttered by the fenitization processes. The characteristic features of 
he fenitization will appear from the following description of a radial 
ection on the western side of the Norra Karr district. 

100 metres from the contact, the granite is altogether uninfluenced. 
ft consists essentially of undulating quartz, microcline perthite, turbid 
plagioclase (due to sericitization), and biotite as described on p. 119. 
Che first sign of fenitization is a decrease in the amount of quartz and a 
ecrystallization of the microcline perthite, beginning in the peripheral 
arts of the crystals. The bands of perthitic albite are completely assi- 
ilated. No kind of perthitic texture is visible in the recrystallized micro- 
line with moderate magnification. At higher magnification, however, 
fine perthitic texture is seen, resembling the film perthite described by 
dersen (1929, p. 154), probably the result of later »>Entmischung» 
ue to a decrease in the temperature after the assimilation of the albite 
ands. The recrystallized microcline show a somewhat finer grating 
exture than the original mineral. Hand in hand with the recrystalliza- 
ion of the microcline perthite a recrystallization of the quartz has also 
aken place. The recrystallized quartz is not undulating and occurs as 
lebs of various sizes in the recrystallized microcline. Sometimes only 

couple of quartz blebs in each microcline individual are to be seen 
ut there may be as many as a dozen. They form a kind of runitic 
graphic granite) intergrowth with the microcline, all blebs having 
iform optical orientation. In a few microcline individuals two series 
f uniformly oriented quartz blebs have been observed. Some 30 
etres from the contact quartz has completely disappeared. 

When the recrystallization of the microcline perthite has proceeded 
© some extent, an incipient recrystallization of the turbid plagioclase 
an be observed, starting from the margins and grading concentrically 
wards the centres of the individuals. They are transformed into per- 
etly fresh albite material, generally polysynthetically twinned after 
e albite law. The maximum extinction angle in the symmetrical zone 
, 14°, corresponding to a composition Ab gAns. Apart from the recry- 
allized individuals, albite is also found in another mode of occurrence, 
amely as aggregates of smaller grains, consisting of two or three albite 
ins, occurring interstitially between the larger crystals. There is 
nsiderably more albite in the fenite rocks than there was in the original 
anite, and the content of albite has increased by approximately 
e same amount as that of quartz has decreased. The smaller albite 
ains are probably newly formed, and represent the material which 
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has substituted the quartz. The textural features of the fenite rock 
show, however, no evidence of such substitution. 

About ten, metres from the contact it is seen that the recrystallizec 
microcline is replaced to a certain extent by albite, forming a margina 
zone around a core of microcline. The albite is then developed with 2 
peculiar chessboard texture. The optical orientation of the microcline | 
has been induced in the albite, the twins following the albite law, being | 
parallel in both minerals. Sometimes a coarse perthitic texture hag 
arisen. In a few cases nearly the whole microcline individual is replaced, 
only a small residue of the original mineral being left in the centre. 
The microcline often contains a certain amount of sericite which has b 
deposited preferentially along cracks in the microcline. 

About 5 metres from the contact the rock is more intensely fenitiz 
than, in the outer fenite zones, which can be seen from the mode 
occurrence of the feldspars. By far the greater part of the albite ma eri 
occurs in coarse perthitic intergrowth with microcline, and many 
the isolated albite individuals show evidence of protoclastic deformatio: 
The perthitic albite usually comprises the greater part of an individu 
which therefore ought to be termed an antiperthite. The texture of thi 
antiperthite resembles that of the interlocking perthite described by ~ 
Andersen (1929, p. 181) more than anything and can hardly be attri 
buted any other mode of origin than simultaneous crystallization of the ~ 
two components. The feldspar material of the granite must be supposed 
to have mixed rather thoroughly before the two components separated 


of 4° on (001) and 18° on (010), indicating very pure microcline and~ 
albite respectively. 

In the outer fenite zones the biotite shows no signs of alteration, 
About 5 metres from the contact, however, it is gradually substituted by 
aegirite. All grades of alteration can be observed, from the incipient re- 
sorption of a biotite flake until its complete transformation into ae- 
girite. In the Vaxi6 granite, several biotite flakes are sometimes seen to” 
occur in clusters, often together with grains of magnetite and titanite. In 
those cases one large aegirite individual may have been formed compris- 
ing all the biotite flakes, which then can be seen as more or less resorbed 
inclusions in the aegirite. To a considerable extent aegirite also forms 
small grains occurring interstitially between the feldspar grains. The 
smaller aegirite grains all have an extinction angle of X /\ c = 2°—3% 
indicating a very pure aegirite, whereas the larger individuals which 
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ave originated from a number of biotite flakes often show a zonal 
srowth with extinction angle X /\ c = 10° in the centre and X /\ c = 
2°_3° in the margin, indicating a somewhat augitic core. The aegirite 
shows pleochroism in yellowish green colours. This aegirite-bearing 
fenite occurring near the contact is more mafic than the other fenite 
bypes with undecomposed biotite. 

Narrow bands of fluorite, some millimetres broad and very irregularly 
distributed, are found throughout the fenite zone, in particular near the 
contact. 

In one piece of rock of the aegirite-bearing fenite, a few grains of a 
mineral have been observed for which it has not been possible to make a 
satisfactory diagnosis. I have not been able to rediscover the mineral, 
though much seeking in the rock where it was discovered. It is found 
n association with biotite and aegirite and has an interstitial mode of 
occurrence. The mineral has megascopically a grayish green colour. The 
largest grain is about three mm long. Under the microscope it is seen 
hat the mineral is not perfectly fresh, being in general covered with 
a turbid material with somewhat lower index of refraction than the fresh 
mineral. The first grains which were examined gave the illusion that the 
mineral was isotropic. A couple of grains proved, however, to have a 
ertain birefringence, about 0.002. In some grains a very indistinct axial 
igure may be obtained, which seems to have an uniaxial character. The 
ndex of refraction is great, about 1.760. These data are insufficient to 
determine the mineral with any certainty. It is hoped that more material 
vill be found, which will allow a closer examination of this interesting 
mineral. 

The chemical composition of the aegirite-bearing fenite appears in 
lable 36. The analysis has been carried out on a specimen taken one 
metre from the contact with the Norra Karr district. The rock is seen 
o be of nordmarkitic composition, containing as much as 3.97 per cent 
mormative quartz. No quartz is, however, seen in the thin, sections. 
On-the other hand, the aegirite actually present in the rock is not re- 
presented by acmite in the norm, all sodium of the analysis being used 
p by the formation of albite. There is even Al,O; left after the forma- 
ion of anorthite, which has to be reckoned as corundum. The normative 
orundum stands for the sericite in the mode. The amount of corundum 
n the norm is however greater than might be expected from the actual 
amount of sericite in the rock. It is probable that the specimen chosen 
or analysis happened to contain a greater amount of sericite than 
sual. ; 

The analysis shows a certain content of CO, corresponding to 0.73 
per cent calcite in the norm. No calcite or other CO,-bearing minerals 
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Table 36, 
Analysis of aegirite-bearing fenite, one metre from the border. Norra Karr | 
Analyst: Astri Thorkildsen, 1943. 


/ ae as 
Woe 10000 M/ Norm | Mode Vol % pac 
| | . 
iOR mem tnes | 61.70 | 10202") Qenctr 3.97 | Microcline 32! qz +30 
UA) ies Pa Niact 0.20 | 25 | Or..... 27.80 | Albite si 273 
«Vil 2 peared 21.20 | 2074 | Ab..... 55.12) mainly per- | ti 0.58 | 
Pe Ona ee 1.48 | 98 | An. ... 0.17 | thitic) 54 | p 0.12 
RO) cutaway 2.37 | BU) Oe tbe 5.33 | Sericite 5 t 
IVER OSS cetera Ea 4 “Xsal... 92.39 | Aegirite 5 | al 48.1 
MeOl meee i eO29%) 72 | Biotite 4/\fm 13.8 
eh oer rer | 0.53 95 | en...-. 0.72 - 100 | ° 2.2 
A Sh 2 Ape | 6.50 | 1048 | fs.-.--- 2.81 alk 35.9 
BOER Ae fre 4.69 498 | il....-. 0.38 | 
ieee atest lee 0.32 73 | mt..... 2.16 | mg 0.12) 
Pe Gores. | 0.07 5 | ap----. 0.17 | k 0.32 
corona O75 | | pease 0.04 | 
RO. acest 0.02 6 |. 00 2-2cs, ORY c/fm 0.16 | 
100.15 | Sfem .. 7.01 
| | Rae 0.75 
| | 100.15 


Quantitative System: I:5:1:4, Nordmarkose. 


could, however, be detected under the microscope. Probably the analyzed | 
specimen contained some secondary calcite which may have been de- 
posited along cracks in the rock. 

In the quantitative system the aegirite-bearing fenite has the posi-_ 
tion I:5:1:4, Nordmarkose. 


In summing up the above observations, it may be said that the feniti 
zation of the Vaxié granite around the Norra Karr district shows a maxi- 
mum extension of 100 metres and that it consists in a disappearance — 
of quartz and a recrystallization of the feldspars of the granite, togethe 
with a new formation of albite which partly replaces the microcline. In — 
the last period of fenitization the biotite nearest to the contact has been 
altered into aegirite-augite and aegirite. Except for the decomposition 
of biotite, there is a gradual variation in the mineralogical composition — 
of the fenite zone, the granite being gradually transformed into quartz- 


syenitic and syenitic rocks as we approach the contact, representing an — 
increasing degree of fenitization. 


granite, combined with a removal of material dissolved from the granite, 
very much in the same way as described from Fen and Alnd by Brégger 
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Table 87, 
| 1 2 a 4. 
| SiQg 6... cece ee eee eee 56.75 55.06 61.70 75.12 
Tee D Ones Ne ctactasts, exten ia: rs 3 0.03 0.002 0.20 0.25 
BO Sie, Se rene 1.60 | 1.04 
EP Char aes ak oie ses ae 21.10 24.86 21.20 12.23 
MeL Oe oo, ca sockbacias 2.29 0.26 1.48 0.96 
) BUN ant scract eyes Uo Ais 5 0.23 0.48 2.37 1.34 
EN OUNBES coditalee sw a alolek 0.12 0.018 0.03 0.07 
Ld; Dp, Seep, Soares 0.08 0.04 0.29 0.53 
CDA OE Smeets 0.76 0.12 0.53 0.84 
PRES On es eiale 3 0.00 0.04 
SN aM Mane as ncedavaiesieie?sin 11.66 | 12.46 6.50 3.18 
me el a, sts 3.88 4.45 | 4.69 5.14 
Ge ee eee oaks marae 0.32 
RCs eee nails Ss 0.01 0.00 0.07 0.07 
A RG 3 ee See 1.69 1.3 0.75 0.49 
(To os Us Ale oa 0.04 
NS ae te ook ee 0.03 | 0.01 | 0.02 0.01 
100.27 100.07 | 100.15 100.27 
Ca Tobe Lat ona aly Sd oot Re 3.97 33.72 
CRE e oes ote aS Oey kb ao 23.00 26.35 27.30 30.48 
dN s oh ee ae MRS YAS 28.67 55.12 26.98 
EM te ATES ote ee 0.17 iae82 
INGE See ras. etvamiae | 26.99 40.30 
SN ee Se hs arse ass | 0.07 
ee ce fee eee hs 2.40 1.56 | 
Cis Sek aa Sahel ree 5.33 0.01 
EWonlesties ae Nees. 89.54 96.88 92.39 95.01 
ACEI eae aiais edease 1.55 0.24 
ee ee ee 0.20 0.03 0.72 1.33 
[cas one: aa 0.24 2.81 1.39 
OMe ee cats. aks ce bane 0.05 
Sue 2S Se re 0.37 
oCregte UB AWE Re aes | 4.72 
TMI ACTS Se ae dari ae ae 1.43 0.61 
i > Se ae ee ee 0.06 0.38 0.47 
sitet bond Ae ee ree oe 0.95 0.37 2.16 39 
Rn. rina co ees 0.03 | 0.17 0.17 
[hee Pee ey ete ee 0.06 | 0.04 0.04 0.02 
bt. Soe Ca ee | 0.73 2 
Se ee eee 9.05 o20m mero! 4,77 
ET Che trestevarde victors ai 42 ni 1.69 | 1.27 0.75 0.49 
100.28 100.07 100.15 100.27 | 


. Analysis and norm of normal grennaite, Norra Karr (see p. 145). 

. Analysis and norm of marginal facies of grennaite, Norra Karr (see p. 149). 

. Analysis and norm of aegirite-bearing fenite, Norra Karr (1 metre from the contact) 
(see p. 222). " ' . 

Analysis and norm of normal Vaxié granite (see p. 120). 
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(1921) and von Eckermann (1942) respectively, leading to a metasoma 
tosis of the original granite into fenitic rocks. 

To facilitate the chemical study of the fenitization processes Table 
37 has been compiled, comprising analyses and norms of normal gren- 
naite, marginal facies of grennaite, aegirite-bearing fenite and norma, 
Vaxid granite. The quartz-bearing fenite can be estimated to have 
composition intermediate between those of aegirite- bearing fenite a 
Vaxi6 granite, except for iron, which is present in approximately the : 
same amount as in the Vaxi6 granite. 

Comparing the analyses of the fenite with that of the granite it : 
seen that the main processes of the fenitization have been a removal | 
of SiO, (and K,O to some extent) and an addition of Al,O; and xe 
The decrease of Si0, on part of the fenite as compared with the granite : 
is approximately compensated by the increase of Al,O, and Na,O. 
thus have had an exchange of material, 8i0, moving from the granite! 
towards the alkaline body and Al,O; and Na,O from the alkaline body? 
towards the granite. Very little can be said about the character of the: 
chemical compounds, by means of which the exchange of the above: 
mentioned elements has taken place. The bands of fluorite found} 
throughout the fenite zone may indicate that silicon was carried off as: 
Sif. The great amount of albite in the fenite as compared with that in} 
the granite (see the norms in Table 37) may be explained by the sup-- 
position that the Si0,, dissolved from the quartz, has been added to: 
sodium aluminate solutions derived from the alkaline body, approx 
ately according to the equation: 


Na,Al,0, + 68i0, + 2NaAlSi,0<. 


é U 
It is also probable that the formation of sericite in the fenite is due: 


to the supply of Al,0;. The process may have taken place noconiall 


to the equation: 
: 


KAISi,0, + Al,O — H,O a KAI 35130 1 90(OH), 


In considering the aegirite- bearing fenite nearest the contact, we: 
must also deal with the increase in the amount of iron as compared 
with that in granite. The presence of aegirite in the fenite is not in ha: 
mony with the chemical composition of the rock (Table 36), the formatidll 
of aegirite demanding a deficit of aluminium in relation to sodi m, 
whereas the analysis shows an excess of aluminium. As long as the ratio 
Al,0; : Na,O is greater than 1 albite will be formed; not until this ratio. 
is below 1 can the formation of aegirite be expected. 7 

A comparison of the white marginal facies of grennaite with normal 
grennaite gives a clue to the problem. The essential difference between 
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Table 38, 


Main chemical variations in the fenite zones of Fen, Alné and Norra Karr. 
————————————— eee 


Norra Karr 
Fen | Alno ‘ —— 
. first stage | second stage 
{} si0, | SiO, + H,0 Sio, | SiO, 
pegeerene.l .KO Na,0- (K,0)! ‘ 
Na,O | K,0O Na,O | Na,O 
; ALO. || Al,O; 
introduced ‘ Fe,0, Fe,O, (TiO,) Fe,0; 
| C20 |) CaO 
Co, Co, 


he two rocks (columns 1 and 2, Table 37) is seen to be the iron content, 
Imost all the aegirite having disappeared from the marginal facies of 
ennaite. Under the description of this rock (p. 148) it was suggested 
hat the aegirite material lacking here had migrated into the surrounding 
ock. This supposition is verified by the formation of aegirite in the 
enite nearest the contact (column 3, Table 37), involving an enrichment 
f iron. 

It seems that there have been two stages in the fenitization; firstly an 
xtensive sodium-aluminium metasomatosis influencing the light mine- 
als of the granite, but towards which the biotite was stable, secondly 
sodium-iron metasomatosis leading to the decomposition of -biotite 
d the formation of aegirite nearest the contact. This sodium-iron meta- 
omatosis probably took place in connection with the solidification of 
ennaite. 

A comparison is made below with the fenite zones of two other alkaline 
istricts in Scandinavia, namely Fen (Brégger, 1921, p. 173) and Alnoé 
vy. Eckermann, 1942, p. 432). The element variation in the fenite zone 
f Norra Karr is compared in Table 38 with those of these two districts. 
The fenite zones of Fen and Alné are clearly distinguished from that 
f Norra Kirr by the role played by CaO and CO, in the fenitization. 
0, is particularly important as its influence upon the pressure con- 
itions probably had no counterpart during the fenitization around the 
Ikaline body of Norra Karr. With respect to the conveyance of the 
ther elements Norra Karr has more in common, with Fen than with 
no, as can be seen from the table. 

Comparing the mineralogical variations in the fenite zone of Norra 
arr with that of Fen, it shows as close a resemblance as could be 


1 The brackets around K,0 in the Norra Karr column indicate that it has been removed 
subordinate amounts only. 
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expected from the chemical relations. Brégger’s description of the 
influence of fenitization upon the feldspars in Fen (1921, p. 169) could 
be applied to similar features of the Norra Karr district almost withow 
corrections, the alterations at both places starting with a recrystalliza- 
tion of the potash feldspar, followed by a recrystallization of the plagic 
clase, in part replacing the potash feldspar, and a new formation of 
albite. The essential difference between the fenite zones of Fen and | 
Norra Kiirr is the mode of occurrence of aegirite. Both in Fen and in . 
Alné one of the first signs of fenitization is the formation of aegirite : 
at the expense of biotite. It starts even before the content of var 
has begun to decrease. In Norra Karr, on the other hand, biotite is 
altogether stable during the first stages of fenitization. It is not decom- — 
posed until quite near the contact, long after the last remnants of quart 
have disappeared. : 
It is tempting to associate the stability of biotite at Norra Karr with | 
the absence of CaO and CO, which has made the physicochemical | 
conditions quite different from those prevailing during the fenitization . 
around the Fen and Alné districts. Von Eckermann, in his preliminary ” 
description of the Alné district (1942, p. 435), has in some detail given | 
an, account of the chemical reactions leading to the formation of aegirite. - 
He has also touched upon the dissociation of the carbonates and its | 
importance in the fenitization. i 


5 NE ae EE De 


V1. Relationship of the Rocks. { 


1. Chemical Relationship. 


In the subjoined tables (39, a, b, c) six chemical analyses are presented | 
together with their norms and Niggli values, representing the principal | 
variations in rock composition within the Norra Karr district. 4 

All rocks are seen to have certain chemical characters in common, , 
such as an abundance of alkalis in relation to lime and great predomin- | 
ance of sodium over potassium. The range of potassium is very small, all 
analyses containing about four per cent. The total amount of iron is low | 
and is subject only to small variations. The rocks are further charac- 


gether absent. There is a deficiency of silica in all rocks except kaxtorpite 
2 b which contains a certain amount of normative quartz. | 

The consanguinity of the rocks is clearly demonstrated by their posi- 
tion in the quantitative system as appears from Table 40. All rocks are 
seen to be peralkalic and dosodic, belonging to rang 1 and subrang 4 
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Table 39 a. 
Analyses of the main rocks of the Norra Karr district. 


1 | 2 | 3 4 5 6 
| 

1 ee 52.04 | 5889 | 57.72 | 58.95 | 63.14 5 
Oe Cea 0.90 | O24 | 0.87 0.97 0.62 ae 
BRO ra sor OS ne 5% 0.24 | 0.15 | 0.04 0.34 1.60 
BP Gls x's awac aks Lays 7 ws 14.28 15.84 16.26 21.10 
ol) ere 2.84 aie 4.96 | 3.63 2.40 2.29 
ONS BENS eee 4.27 2.18 0.74 1.44 1.25 0.23 
J a 0.26 0.16 | 0.07 | 0.16 0.20 0.12 
ME Gasats ss 55 2.79 156 | 2.29 | 1.75 1.04 0.08 
OD eae 4.66 | 4.22 3.62 3.51 139° 0.76 
MECN EK sic ke 0 5k 0.48 0.07 0.04 
MeO bream iket's esis +s | | 0.05 0.01 
a 10.17 6.72 9:07 cA ae ay Oe 11.66 
DS = ee 3.84 4.00 3.93 | 3.87 1 5.18 ele 
OE ae re 0.84 0.32 0.74 | 0.32 0.04 0.01 
Re reiet ay. hx pci, te se 0.00 0.00 
UR alge Oe ee 0.02 | 
Ree MOD. 0.62 0.52 1.53} 0.53 0.63 1.69 
mie) << TH? ........ 0.14 0.15 0.04 | 0.13 Oe 5) 

“Pe ae ee 0.51 0.08 | 0.91 Oraaay 
ee | 006 , 0.19 0.51 0.03 | 0.04 
eae a 0.17 0.03 
NDT Le Sic Shares xa 0.14 

| 99.91 | 100.23 | 99.93 | 100.85 | 100.24 | 100.27 


1. Lakarpite, 2. Pulaskite, 3. Kaxtorpite1, 4. Kaxtorpite 2a, 5. Kaxtorpite 2b, 
6. Grennaite with phenocrysts of katapleite. 


hey are enclosed in the two classes I, persalane and II, dosalane. In 
ach class only the orders 5, perfelic and 6, lendofelic are represented. 
Grennaite is more salic than the phanerocrystalline rocks, four of 
hich belong to class II, dosalane, whereas the fifth falls into class I, 
rsalane, together with grennaite. Grennaite is however clearly dis- 
inguished from this rock as well as from the other phanerocrystalline 
ocks by a number of qualities not expressed in the quantitative system. 
he most conspicuous of these is perhaps the ratio between zirconium 
nd titanium, grennaite showing extremely high content of zirconium and 
eing virtually devoid of titanium, whereas the phanerocrystalline rocks 
il have high contents of titanium and little or no zirconium. Of the other 
inor constituents we find that the phanerocrystalline rocks have an 
Imost uniformly high content of magnesium and phosphorus which 
re present only in trifling amounts in grennaite. With respect to the 
ajor constituents, grennaite shows a considerable enrichment of 
odium and alumina as compared with the phanerocrystalline rocks. 
t also has a much higher ratio between ferric iron and ferrous iron, 
he latter only being present in almost negligible amounts. 


' 
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Table 39 b. 
Norms of the main rocks of the Norra Karr district. 
Key as in Table 39 a. 
"| ell T 
1 pee, ee 4 | 5 6 
| 
| 
(ih ig td SOC | 1.98 
(Ces aes oe a ame 22.77 93.72 | 28.28 | 22.94 ) 30.70 23.00 
NS, Men Re Pan 27.46 48.38 35.03 ) 49.87 | 54.76 37.08 
IAT ice mest 5.66 ) 
INS! pee cee ro eco 17.34 4.34 8.94 | 5.44 | | 26.99 
TGR. Es es 0.37 0.22 0.05 0.51 | 2.40 
TE iets aie sehen we > 0.20 0.81 0.03 0.07 
SETIE Bacio aca ee 67.94 82.52 67.25 | 79.11 87.98 89.54 
Te Oumar acee eee ins 6.10 5.92 5.51 3.88 1.55 1.55 
Fk NC aN 3.53 3.39 | 65.71 4.37 | 2.60 0.20 
iets COUR aE here gah ues eee | 
Loner, ke, <hemnes ke 2.40 
1 igs oh 8 ileal 
BNE Gcmccn & ciate oes 14.21 | 546 | 1.16 4.72 
IN SHOR eee. ache 6.23 2.15 | | 0.97 1.48 
ED tn tne's = 9 1.70 0.46 tec. | 2447 dag 0.06 
RCO Rees Ace he ee 4.12 4.02 0.09 ) 2.37 | 2.91 0.9. 
hacks ek ewnics: | O28 
GRR e ss eae os 2.07 0.83 1.70 / 0.76 | O.11 | 0.03, 
Fl ret, ee 1.06 0.20 2.25 1.04 | 
POI sic Were eerie 0.27 0.06— 
ra Seria Saat ce 0.19 
emer fe 31.20 17.05 31.03 | 21.04 | i152 | 9.05 
HE Otects haynes oc Oe 0.76 0.67 1.62 | 0.66 | 0.77 | 1.69 
ences 0.02 | ) 
99.90 | 100.24 | 99.92 | 100.81 | 100.27 | 100.28 
Table 39 ¢. 


The Niggli values of the main rocks of the Norra Karr district. 
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Key as in Table 39 a. 


5 6 
+. 15 —- 95 
243 194 
| 1.79 0.08 
|. 0.65 2.68 
0.05 0.02 
37.0 | . 42368 
17.5 7.3 
6.0 2:8 
39.5 47.3 
0.34 0.0 
0.32 0.18 
0.34 0.38 
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Table 40. 


The position of the rocks: grennaite, lakarpite, pulaskite, kaxtorpite 1, 
kaxtorpite 2a and kaxtorpite 2b in the quantitative system. 
SS 


| 
| Class I. Persalane Class II. Dosalane 
Onder ic..nanss _ 5. Perfelic | 6. Lendofelic| 5. Perfelic | 6. Lendofelic 
| Canadare | Russare | Germanare Norgare 
$$ eee 
Rang 1. Peralkalic Nordmarkase| Miaskase Umptekase Lardalase 
Subrang 1. 
Subrang 2. 
Subrang 3. | 
Subrang 4. Dosodic Nordmarkose| Miaskose Umptekose Lardalose 
Subrang 5. 


The singular character of grennaite as compared with the phanero- 
rystalline rocks appears from the description above. However, even if 
he phanerocrystalline rocks have certain characters in common distin- 
uishing them from grennaite, they also show considerable variation 
mong themselves within certain limits. 

In analogy with Washington’s terminology as applied to the Roman 
omagmatic region (1906, p. 145), the chemical characters which were 
ommon, for all the Norra Karr rocks could be called absolute characters 
s distinct from the serial characters. »Superposed on these absolute 
haracters,...are the characters which may be called serial, and 
hich consist in a definite variation in the amounts of one or more 
onstituents concomitant with a variation in one or more others, which 
ariations may be either in the same or opposite direction.» (Washing- 
on, 1906, p. 148.) It is, however, not possible to trace any continual 
erial variation throughout all the rocks of the Norra Karr district 
nd not even throughout the phanerocrystalline rocks. Only within the 
axtorpite group are the serial characters recognizable. Here it is 
een, that we have a decrease in ferric iron and an increase in ferrous 
on as silica increases. At the same time aluminium increases and 
otassium also shows a rising tendency, whereas sodium, calcium and 
agnesium decrease. As regards the minor constituents, phosphorus 
ecreases with increasing silicon as does titanium. 

From the Niggli values it is seen that the pulaskite differs in one 
ssential respect from the other rocks. It has al > alk whereas all other 

eks have al <alk. This is also apparent from the norm, pulaskite 
ontaining normative anorthite. The amount of anorthite is not, how- 
er, sufficient to distinguish it from the other rocks in the quantitative 
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system. It still falls under Umptekose in rang 1, but approaches Akero 
in rang 2. . 
It has been mentioned that the high zirconium content of grennai 
is one of its most characteristic qualities. The phanerocrystalline roc 
may also be characterized according to their zirconium content, lakarpi 
and pulaskite containing a certain amount of this element, whereas it i 
altogether absent or present in negligible amounts in the kaxtorpite | 
rocks.1 
The main chemical variations of the Norra Karr rocks can be studied | 
in the Niggli diagrams in Fig. 28. In order to study the variations in - 
greater detail, three other diagrams were plotted. } 
Most of the rocks show scarcely any variation in the silica percentages. _ 
The commonly used variation diagrams, where the other oxides are . 
plotted against silica, are therefore not practicable. For rocks with 
irregular variation in silica, Larsen (1938) has proposed a new diagram. 
Studying some petrographical provinces in the western United States he — 
arrived at the result (p. 506) that it was better to determine the position | 
of a rock on the basis of all its variable major constituents. »In the plots : 
advocated in this paper, the position of the analysis is determined by 
the sum of one-third SiO, and K,0 minus the sum of the MgO, CaO! 
and total iron calculated as FeO, or one-third SiO, + K,0 + MgO =~ 
CaO -+ FeO.» This idea is applied in the two diagrams of the Norra 
Karr rocks in Figs. 29 and 30, with the one difference that K,O is: 
substituted by Na,O since K,O is here nearly constant whereas Na,O | 
shows considerable variation. 
In the variation diagram of Fig. 29 the positions of the rocks are: 
characterized by the sums of CaO, MgO and FeO, which oxides are: 
largely confined to the mafic minerals. The points are seen to lie almost - 
along a smooth curve, which shows a marked decrease from lakarpite 
to grennaite. In Fig. 30 the single oxides are plotted against the same 
abscissa values. It is here seen that only the points for FeO, MgO and | 
CaO fall nearly on smooth curves. All the other oxides, except K,0'! 
which is nearly constant, show an irregular variation. : 


_ Larsen (1938) has also constructed a very instructive triangular | 
diagram (Fig. 31), or more correctly, two diagrams, of which the one is 
superposed upon the other. They are based upon a modification of the 
norms of the rocks. _ 

»For the first plot the normative feldspar of the rock (in silica-defi-_ 

cient rocks feldspathoids are calculated to feldspar) is calculated to 100 


1 As was pointed out on p. 218 the content of zirconium found in th is co 
torpite 2b is due to katapleite derived from the grennaite. ond in the aa 
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ig, 28. Niggli diagrams of the rocks of the Norra Karr district. The figures refer to 


‘able 39a. Lakarpite and pulaskite are marked with open circles, the kaxtorpites rocks 
with solid circles and grennaite with a cross. 
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MgO + Ca0+FeO 


10 15 20 25 28 
1/3 $i02+ NagO—(MgO+ CaO + FeO) . 


Fig. 29. The relation between 1/; SiO, + Na,O > (MgO + CaO + FeO) and MgO + : 
CaO + FeO for rocks of the Norra Karr district. The figures refer to Table 39a. — 


per cent and or, ab and an are plotted. To do this, the normative nephe- 
line is multiplied by 1.845 and added to the albite, . . .» ; 
»For the second plot the normative quartz, feldspar and femic minerals : 
are calculated to 100 per cent and plotted.» The normative olivine is: 
converted to pyroxene by multiplying it by 1.40 and the feldspathoids : 
are calculated to feldspars as in the first plot. »The amount of Sid, , 
added to olivine, nepheline and leucite to yield pyroxene and feldspar 
is the 810, deficiency. Where there is deficient SiO,, the sum of the feld- - 
spar and femic minerals is 100 per cent. SiO, is placed on the lower left | 
of the diagram, feldspar on the lower right and femic minerals at the top. . 
To plot deficient Si0,, the base of the diagram is extended to the right} 
and a parallel line at the upper apex of the diagram is drawn. In this: 
area beyond the triangle the position along a line parallel to the right 
side of the triangle represents the proportions of feldspar and femi¢: 
minerals and the distance of this line from the edge of the triangle repr Q- 
sents the deficiency in SiO,» (Larsen, 1938, p. 516.) | 
We thus have obtained two groups of values: or — ab — an, and: 
deficient Si0, (or quartz) — feldspar —femic. »To show as many of 
the characters of the rocks as possible, these two groups of values are. 
plotted together on a triangular diagram, and the two points for each 
analysis joined by a line. The resulting plot shows the Na,O, K,O, and) 
CaO of the feldspar and feldspathoids, the oversaturation or under- 


saturation of the rock, and the proportion of femic minerals in the 
rock.» (Larsen, p. 516.) 
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10 15 20 25 : 30 
'/3 Si02+Naz0—(MgO + CaO + FeO) 


ig. 30. Variation diagram for the rocks of the Norra Karr district. Abscissa as in Fig. 29. 
The figures refer to Table 39a. 

Plots of this kind for the rocks from the Norra Karr district are 

own in Fig. 31. The diagram demonstrates clearly most of the charac- 

ristic features of the rocks, their peculiarities as well as their relation- 

ips. 
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List of the most important minerals of the Norra Karr rocks, mentione : 
in order of their abundance in the respective rocks. 


Rock name 


Dark minerals, zirconium 
| minerals and pectolite 


Light minerals 


included 
Lakarpite Arfvedsonite Albite (Ab,,An,) 
II: 6: 1: 4, Lardalose | Rosenbuschite Nepheline 
Microcline 
Pulaskite Aegirite (X Ac =8°—10°) | Microcline 
II: 5:1: 4, Umptekose Soda amphibole | Albite (Ab,,An,) 
Biotite _ Nepheline 
Rosenbuschite 
Kaxtorpite 1 Eckermannite | Microcline (Naf,Kf,,.Rbf,) | 
TI: 6 (5): 1: 4, Pectolite | Albite (Ab,,An,} a 
Lardalose (Umptekose) Aegirite . Nepheline 
Kaxtorpite 2a Aegirite | Albite (Ab,;An;) 
II: 5:1: 4, Umptekose Eckermannite | Microcline 
Pectolite Nepheline 
Kaxtorpite 2 b | Aegirite Albite (Ab,,An;) 
I: 5:1:4, Nordmarkose | Eckermannite Microcline 
| Pectolite 
| t 
Grennaite Aegirite | Anorthoclase 
I: 6:1: 4, Miaskose Eudialyte | (Naf,,Kf,,) 
Katapleite | Nepheline 


2. Mineralogical Relationship. 


In Table 41 is given a list of the most important minerals of the Norra’ 
Karr rocks. In all the phanerocrystalline rocks there can be distinguishe 
two kinds of feldspar: microcline with quadrille twinning texture an¢ 
albite, most often twinned after the albite law, but sometimes untwinne 
A very characteristic feature is that the feldspars are in general non 
perthitic. Microcline perthite and antiperthite are occasionally met 
with and they then occur together. The microcline contains, however, 


a certain amount of soda feldspar in solid solution. The composition ¢ 
the microcline in kaxtorpite was determined to be Naf,,Kf,,Rbf,. 
Anorthoclase is characteristic of grennaite. It was found to have th 


composition Naf,;Kf,,. 


Nepheline is present in all rocks except kaxtorpite 2b. There if 
generally a close agreement between its normative and modal amourts 


3d 66. H. 2.) THE NORRA KARR DISTRICT. 235 


Kckermannite and pectolite are seen to be characteristic of the 
axtorpite rocks. The aegirite of these rocks is also characteristic, 
aving quite another habit than the aegirite of the grennaite and that 
f the pulaskite. The aegirite of the pulaskite is not quite pure, showing 
nm extinction angle X/ c = 8°—10°, whereas the aegirites of the 
ther rocks have an extinction angle X A ¢ = 2°—4°. 


An Deficient SiO2 


Ab 
iO2 feldspar 


ig. 31. ‘Triangular diagram for the rocks of the Norra Karr district. Dots refer to the 

-ab-an-triangle. Open circles, solid circles and cross refer to the quartz (deficient SiO,)- 

ldspar-femic-triangle and signify lakarpite and pulaskite, the kaxtorpite rocks and gren- 
naite respectively. 


Pulaskite is the only rock containing biotite. 

The Norra Karr rocks contain two decidedly different soda amphi- 
oles, arfvedsonite and eckermannite, of which arfvedsonite shows a 
redominance of ferrous over ferric iron and eckermannite predominance 
ferric over ferrous iron. The ratios of ferric iron to ferrous iron in the 
alyses of the respective rocks strikingly reflect this difference in the 
hemistry of the two minerals. The amphibole of the pulaskite has op- 
eal properties intermediate between those of arfvedsonite and ecker- 
annite. 

An interesting mineralogical feature of the Norra Karr rocks is the 
currence of pectolite and rosenbuschite. They are both extremely 
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calcium-rich silicates showing certain structural similarities (Peacock, 
1937, p. 26), and essentially differing chemically only in the zirconium 
content of the rosenbuschite, as can be seen from the following, some 
what idealized formulae: 


Pectolite: Ca,NaHSi,0, 
Rosenbuschite: Ca,Na(Zr, Ti)$i,0,F 


Pectolite is only found in the kaxtorpite rocks and is associated 
with aegirite and eckermannite. Rosenbuschite is found in lakarpi 
and pulaskite and is associated with arfvedsonite. 

Katapleite and eudialyte are characteristic of grennaite. These mi 
nerals are indicative of high zirconium concentration and high alkali 
concentration. 


ee 


VII. Discussion of the Observations. 


1. Geological Observations. 


The Norra Karr district has an oval form and is sharply bounded. 
The surrounding granite is altered into quartz-syenitic and syenitie 
rocks forming a fenite zone around the district. The main rock, gren- 
naite, is generally schistose and then shows a structure which con-- 
forms perfectly with the contact line against the fenite zone. Gren-- 
naite shows a generally vertical or almost vertical foliation. The fac 
that the structure of grennaite conforms with the outer boundaries of 
the district must be considered as sufficient evidence for a precrystalline 
character of the schistosity. This fact seems to indicate that the gren- 
naite crystallized out of a magma intruding into the Vaxid granite. 
Before proceeding to discuss the mode of intrusion of the grennaite, 
a short account of some geological features of alkaline rocks in general 
will be given. 

A considerable number of alkaline districts are described as having a 
circular or oval form. They are characterized by names such as plug, 
stock, pipe or volcanic neck, expressing the general conception of theit 
manner of intrusion. The two latter names imply that the alkaline body 
had connection with the surface during its solidification, but the tw 
former names not necessarily so. The terms plug and stock differ im 
dimensions, plug being confined to very small bodies only. Some alkali 
districts are referred to as laccoliths (e. g. Pilansberg as described b: 


Shand, 1928) in order to emphasize that the magma is supposed to hat 
crystallized under the surface. 
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The geological structures of alkaline bodies intersecting crystalline 
ocks are generally not accessible for closer study. When they show a de- 
ree of resistance to erosion similar to that of the surrounding rocks, they 
re exposed at one level only. Only in the case of some greater occur- 
ences such as the Umptek massif, has the body itself been dissected by 
rosion. However, when the body has intersected limestones, sandstones 
r shales, the erosion has in the course of time removed the country 
ock at a greater speed than the rocks of the alkaline body, the latter 
orming a hill or a mountain elevated above the surrounding landscape. 

Even in well exposed districts, however, it is usually impossible to 
et up criteria which would unequivocally prove a certain manner of 
atrusion. There are only few alkaline bodies showing conclusive evidence 
1 this respect. We have indisputable examples of volcanic vents fil- 
d with alkaline rocks such as the Leeuwfontein and Leeuwkraal plugs 

Pretoria, containing soda-trachytes and phonolites (Shand, 1922 a), 
d Katzenbuckel in Odenwald, the main rock of which was referred to 

»Nephelinbasalt» by Freudenberg (1906, p. 205) and as »Sanidin- 
ephelinit» by Nieland (1932), the latter term being defined as (p. 97) 
ffusivformen theralitischer (ijolitischer) Magmen von meso- bis 
elanokratem Habitus». We have also indisputable examples of non- 
oleanic alkaline bodies, such as the Shonkin Sag laccolith of the 
ighwood Mountains in Montana, where the alkaline body has retained 
S original cover of sedimentary rock (Weed and Pirsson, 1895, 
mo99). 

The geological relations of most alkaline districts do not permit general 
nclusions as to their manner of intrusion. One hypothesis is generally 
cepted because it »puts a much smaller strain on the probabilities», 
quote a phrase used by Shand (1928, p. 149) than other hypotheses 
nsidered. Sometimes a district is interpreted as a more or less deep- 
ated section through a volcanic neck, and sometimes the alkaline body 
referred to as a plug or a stock. 

To return to the Norra Karr district, the geological relations of 
hich appear in the accompanying map, it seems to meet all the require- 
ents generally demanded of a section through a volcanic neck or a 
ug. The vertical foliation of the grennaite supports such an interpre- 
tion. The district is elongated parallel to the schistosity of the sur- 
unding Vaxié granite, which was probably a direction of smaller 
sistance in the rock. An eruption intersecting the granite might there- 
re be expected to attain such a form as the Norra Karr district. 
One of the most fascinating problems of the district is the interpre- 
tion of the peculiar texture of the grennaite. This texture as described 
p- 142 and as seen from Figs. 9 and 10 gives more the im- 
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pression. of belonging to a crystalline schist than to an igneous rock (ag | 
was pointed out by Térnebohm, 1906, p. 7) reminding of the gneisses of | 
nepheline-syenitic composition from Mt. Cevadaes in Portugal, describe 
by Osann (1907, p. 109). However, paying no regard to the schistosity, | 
the texture could be characterized as aplitic, being xenomorphic granu. 
lar. Among the alkaline rocks such a texture is most commonly found im: 
exceptionally broad tinguaitic dykes. Tinguaite of this texture may, 
in fact, show considerable resemblance to grennaite, as appears from the 
following description of tinguaite by Rosenbusch (1907, p. 619): »Die 
zumal in den michtigeren Gangen herrschende Struktur* hat entschie-- 
den aplitischen Character. Dabei bilden Feldspat und Nephelip 
ein entweder panidiomorphkérniges oder ein allotriomorphkorniges 
Ageregat von sehr gleichbleibenden und gleichen Dimensionen beider! 
und die Agirinnadeln liegen in und zwischen beiden, oder geben durch 
parallele Anordnung dem Ganzen trotz der richtungslosen Mengu go | 
der beiden Hauptkomponenten, einen fluidalen Habitus.» A tinguaitie| 
ring-dyke of Pilansberg, described by Shand (1928, p. 136) shows @ 
textural facies which also seems to correspond to grennaite, and Mm 
Idding’s textbook on igneous rocks, grennaite (catapleiite-syenite) 1s 
actually said to have »tinguaitic habit» (1913, p. 243). 
There is unfortunately only a small difference in level within the: 
Norra Karr district, so the geological structure of the rock mass cannot 
be submitted to a closer study, which would probably have contributed 
to the solution of the problem of the textural development of grennaite. 
It may, however, be that the mode of occurrence of two textural equi- ? 
valents to grennaite has a bearing upon the problem. We shall therefore 
describe the mode of occurrence of these rocks at some length. 
Under the description of latite-phonolites from the volcanic area of 
the Cripple Creek district, Lindgren and Ransome (1906) discuss »gra= 
nular rocks closely resembling and connected by textural gradations 
with the latite-phonolites». Concerning the development of the differen 
textures, they say (p. 85): »The nature of the two groups of rocks (vizy 
granular rocks and latite-phonolites) and their manner of occurrent 
make it probable that only a slight difference in conditions, such as 
change of temperature or pressure, or minor variations in compositiol 
were needed to cause the one or the other to crystallize from the magma 
There is little or no evidence available to show that the granular roe 
is the deep-seated equivalent of the porphyritic. The transition frot 
the one to the other is apparently regardless of distance from the surfac 
or from contacts. It is probable that these granular rocks have forme 


1 Tt should be pointed out that »Struktur» here is identical with »texture» in the sens 
with which this term has been applied in the present paper. 
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auch nearer the surface than is believed usually to be the case, for 
rosion. since the volcanic period does not appear to have been very 
reat. It seems likely, in fact, that some of these rocks solidified within 

few hundred feet of the surface. It is possible that the rocks 
ato which they were intruded were then at a high temperature and 
hat the cooling was consequently slower than it would otherwise 
ave been.» 

In his description of the phonolite (apachite) from the Apache Mts. 
1 West Texas, Osann has also described some rocks from the Mt. Ord 
ange not far from the Apache Mts. (1896). Here occurs a dense rock of 
epheline-syenitic composition which closely resembles grennaite. It is 
ssociated with nepheline-syenite and a rock which Osann referrs to as 
honolitische Facies des Eliolithsyenits» which approaches the phono- 
te occurring as a true effusive rock in the Apache Mts. Concerning the 
ode of occurrence of these rocks Osann says (p. 406): »...; dieselben 
he collected rocks) stellen eine vollstindige Uebergangsreihe von 
ittelkérnigen Elaolithsyenit durch porphyrische und vollstiindig pho- 
litartig aussehende Glieder bis zu einem fiir das blosse Auge ginz- 
ch dichten Gestein dar. Bei der Besteigung des 150—200 Meter 
ohen kahlen Berges, der die oben beschriebene Aussicht bietet, wur- 
en folgende Beobachtungen gemacht: Im allgemeinen bemerkt man 
ne nach oben zu abnehmende Korngrésse des Gesteins, die besonders 

dem obersten Theil des Berges zu den spater zu beschreibenden 
onolitischen Grenzfacies des Elaolithsyenits fiihrt. Der vollkommen. 
ichte Gesteinstypus wurde etwas unter dem Gipfel des Berges auf 
m NW-Abhange gesammelt, zugleich wurde an dieser Stelle noch 
e Ueberlagerung durch eine kleine Partie eines mittelkérnigen Kalk- 
eines beobachtet.» 

The »phonolitische Facies des Elaolithsyenits» and the »vollkommen 
chte Gesteinstypus» (here referred to as »the dense rocky) show miner- 
ogically good agreement with grennaite. They even contain a zir- 
nium silicate of the eudialyte group (p. 417): »Ferner ist das Auftreten 
niger seltener Mineralien in der phonolitischen, Facies (and in the dense 
ck, as appears from a statement on p. 419) zu erwahnen, welche in dem 
dolithsyenit nicht beobachtet wurden. Eines derselben, das stellen- 
ise recht reichlich vorhanden ist, gehort seinen krystallographischen 
d optischen Eigenschaften nach in die Eudialyt-Eukolit-Gruppe.» 
The dense rock resembles grennaite in a striking manner both in 
egascopical and in microscopical appearance, as appears from the fol- 
ing statements (Osann, pp. 408, 419): »Schliesslich liegen fiir das blosse 
ige vollstiindig dichte, griingraue Gesteine vor, welche makroskopisch 
ige Aehnlichkeit mit manchen Kalksilicathornfelsen besitzen. Mit 
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der Lupe kann man sie noch als gemengte Gesteine erkennen, ohr 
indess einen, ihrer Gemengtheile niher bestimmen zu kénnen.», an 
»Wihrend die Struktur dieser als *phonolitische Grenzvarietat des Ela 
lithsyenits’ bezeichneten Gesteine im wesentlichen bedingt ist durch: 
die Leistenform der Feldspathe, ihre fluidale Anordnung und da 
eigenthiimliche skeletartige Wachstum der dunklen Gemengthei 
zeigt die ganz dichte Grenzvarietit ein davon recht verschiedenes 
Structurbild. Der Feldspath bildet sehr kleine unregelmassig begrenzte | 
oder zugerundete Korner, die zum Theil trotz ihrer geringen Dimen-- 
sionen mikroperthitische Verwachsungen noch recht gut erkennen! 
lassen. Von eisenreichen Gemengtheilen finden sich noch reichlieh! 
Aegirin, spirlicher Arfvedsonit und Ainigmatit. Die skeletartiger 
Wachstumsformen dieser Mineralien sind verschwunden, sie bilden 
rundliche Kérner oder kurze Siulchen ohne scharf krystallographis che 
Begrenzung. Verwachsungen von Aegirin und Arfvedsonit sind selt 
spirlich, auch hier bildet der erstere die peripherischen, der letztere die « 
centralen Theile. Das dem Eukolit nahe stehende Mineral findet sich 
noch recht reichlich in kleinen rundlichen Kérnern. Auch der Nephelin: 
bildet Korner, seltener kleine Krystalle und zeichnet sich dem triiben 
Feldspath gegeniiber durch seine klare Beschaffenheit aus. Bei der fast: 
durchgehende isodiametralen Form der’ Gemengtheile ist natiir ich | 
auch jede Spur einer fluidalen Anordnung verschwunden, die St 1 
ist eine aplitische geworden.» : 

The example from the Mt. Ord range shows that aplitic facies of 
nepheline-syenite may be developed under the transition from nepheline 
syenite to phonolite, the aplitic rock passing into the one or the othei 
by gradual transitions, and the example from the Cripple Creek volcanic 
area demonstrates similiar relations. This lends plausibility to the 
conclusion that grennaite should be looked upon as an intermediat 
link between nepheline-syenite and phonolite. There is no conclusive 
evidence of the former extent of grennaite, but it may be that the roel 
on higher levels, long since eroded away, graded into types of phonoliti¢ 
texture, and it would not be surprising if at deeper levels we were 1 
find types of nepheline-syenitic texture abundantly developed. Gret 
naite would then be a hypabyssal rock, representing the connecting 
link between plutonic and extrusive rock facies. Chilling from the wal 
can only have played a subordinate role in the development of th 
aplitic texture of grennaite, the rock showing no variation in graif 
size or texture from the margin of the district to its central parts. 
| As compared with other districts interpreted as sections throug 
voleanic necks, the Norra Karr district might be considered as repr 
senting a relatively more high-seated section than those consisting 
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yhanerocrystalline rocks, but a relatively more deep-seated section than 
hose corsisting of rocks with an effusive texture. The degree of cry- 
tallinity developed at a certain distance from the surface differs cop- 
iderably from one occurrence to the other, being dependent upon the 
apidity of cooling, the magnitude of pressure and the composition 
f the magma. The Katzenbuckel neck shows for example rocks of 
ffusive character at a surprisingly great depth (estimated at some 600 
netres by Salomon (1902, p. 654)), whereas the granular rocks of the 
ripple Creek volcanic area are considered to have crystallized »within 
few hundred feet of the surface». 
Though in the textural respect it occupies an intermediate position 
etween nepheline-syenite and phonolite, grennaite must be said, by 
irtue of its aphanitic character, to come closer to phonolite than to 
epheline-syenite. From this point of view grennaite might be called a 
ubphonolite, which term would designate a rock which, if it 
ad crystallized on the surface, would have formed phonolite and if it 
d crystallized under greater pressure would have formed nepheline- 
enite. 
The pegmatitic development of the schlieren of grennaitic material, 
und at some places within the Norra Karr district, is ascribed to local 
cumulations of unescaped volatiles which favoured the formation 
larger crystals. 
We shall now turn to the phanerocrystalline rocks occurring as in- 
ions in grennaite. Térnebohm (1906, p. 32) has already stated that 
ey were older than grennaite. My studies of old as well as new localities 
only confirm Térnebohm’s statement. . 
Most alkaline bodies consist of sequences of rocks whose relations 
to age are not always easily interpreted. In many places, however, 
eir mode of occurrence seems to indicate that successive intrusions 
the different rocks have taken place. This is particularly well de- 
mstrated in Mt. Royal of the Monteregian Hills, which, after the 
mstruction of a railway tunnel through the mountain, has been 
gnificently exposed (Adams, 1903 and Bancroft and Howard, 
23.) In general the first intrusion occupies the peripheral parts of the 
ifice and often even the greater part, whereas the later intrusions 
pear as more or less regularly distributed inclusions. Sometimes a 
ocal arrangement can be recognized (Shand, 1921, p. 246). 
he Norra Karr district shows, however, another picture, the inclu- 
ns being older than the surrounding rock. The mode of occurrence of 
phanerocrystailine rocks in grennaite has much in common with 
inclusions of canadite in the umptekite of the Almunge district as 
eribed by Quensel (1914). The Almunge district was interpreted as a 
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deep-seated section through a volcanic neck, and the canadite inclusion 
were explained as (p. 196) yremains of the older magma, which fir 
filled the channel, but was followed by the intrusion of umptekite, 
enveloping some remains of the older rocks as great inclusions». In th 
case of the Norra Karr district it is, however, improbable that th 
inclusions are remains of older rocks which once filled the neck. 
phanerocrystalline texture suggests that they crystallized under co 
ditions quite different from those prevailing during the solidificatio 
of grennaite. It is probable that the inclusions crystallized at deeper 
levels and that they were brought to their present position by the risi 
grennaite magma. 

There is no geological evidence for statements concerning the relatin 
ages of the phanerocrystalline rocks. 


9. Petrological Observations. 


The consanguinity of the rocks of the Norra Karr district is demon 
strated by chemical, mineralogical and geological evidence. Our problem 
is to explain the character of this consanguinity and to account for the 
genesis of the different rocks involved. In view of the hypotheties 1 
nature of many of the arguments, the interpretations must, however, 
be somewhat speculative. 

The mineralogical composition of the rocks is rather complica ed 
Nevertheless it has been shown that three of the phanerocrysta 

_ rocks (viz. the kaxtorpite rocks) have a consistent mineralogical com 
position distinguishing them from the other two phanerocrysta in 
rocks, which on the other hand also have certain mineralogical che 
ters in common. The phanerocrystalline rocks thus by nature fall it 
two mineralogical groups, the kaxtorpite group and the pulaskit 
lakarpite group, of which the latter is not so well defined as the forme 
Grennaite is associated with the pulaskite-lakarpite group through i 
zirconium content, which distinguishes these rocks from the kaxte 
pite group. 

The occurrences of pectolite in the kaxtorpite rocks and rosenbuschit 
in pulaskite and lakarpite are remarkable. As mentioned on p. 235 be 
minerals are extremely calcium-rich silicates, showing certain structul 
similarities and essentially differing chemically only in the zirconit 
content of the rosenbuschite. Both minerals occur in rocks whose ¢b 
mistry does not indicate that minerals of this composition are to 
expected. This circumstance suggests that the formations of the ® 
minerals should be seen in mutual connection. In pulaskite and lakarpl 
rosenbuschite can be said to take the place of pectolite in the kaxtorp 
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‘ocks. The conclusion can hardly be avoided that if it had not been for 
he zirconium content of the two former rocks, pectolite would have 
seen formed here too, and conversely, if there had been sufficient 
arconium available during the formation of the kaxtorpite rocks, 
‘osenbuschite would have been formed. 

All evidence points to the fact that the grennaite crystallized out of a 
nagma intruding into the Vaxid granite. It has been pointed out that 
he phanerocrystalline rocks are older than the grennaite and that they 
srobably crystallized at deeper levels. It appears from the description 
f the chemical relationship that they cannot possibly represent por- 
ions of the same magma as grennaite, crystallized under different 
onditions. A more probable alternative is that they belong to a mag- 
natic differentiation sequence. If this is granted, grennaite must be 
he final differentiate. 

If we considered grennaite to be the final differentiate of a magmatic 
ifferentiation sequence represented by the inclusions of phanerocry- 
talline rocks found in the present level of the Norra Kirr plug, we 
ould have to postulate that these inclusions are fragments of a greater 
trusive body into which the plug merges further down. 

In our inquiry into the sequence of crystallization of the phanero- 
rystalline rocks, we must resort to the study of their chemical relations. 
he variation diagrams are not, however, of much help, showing only 
ttle regular variation. The positions of the different rocks in the varia- 
on diagrams certainly do not express the actual trend of differentiation, 
cept possibly within the kaxtorpite group. The zirconium contents of 
e rocks give, however, certain indications. Zirconium is a typical 
estelement» and its enrichment in grennaite together with the other 
‘treme chemical characters of this rock, as compared with the phanero- 
ystalline rocks, indicate that grennaite is a final differentiate, thus 
nfirming the geological evidence. The zirconium content of pulaskite 
d lakarpite is taken as an indication of closer genetical relationship 
tween these two rocks and the grennaite than between the kaxtorpite 
cks and the grennaite. The kaxtorpite group is considered to be a 
erentiation branch developed earlier than or parallel with the crys- 
lization of pulaskite and lakarpite. It is probable that the differen- 
tion sequence contains members in addition to those exposed at the 
esent level, which undoubtedly would elucidate the nature of the 
fferentiation. 

Before proceeding to discuss the interrelation of the rocks, we shall 
udy some features of another occurrence of alkaline rocks, some of 
ich show great similarity to the Norra Karr rocks in chemical as well 
in mineralogical respects, namely the Oslo region. 
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Fig. 32. Diagramatic interrelation of the rocks the Norra Karr district. 


As a primary mineral katapleite is known only in a few localities. 
The best known occurrence is the nepheline-syenite pegmatites of 
Langesundsfjord where it occurs in considerable abundance together with: 
eucolite.1 The pegmatites are for good reason considered to have bee! 
derived from lardalite, which rock is a differentiate of larvikite. Larda- 
lite and larvikite are closely connected, which appears from the following) 
statement by Brégger (1898, p. 30): »Auf der anderen Seite steht der Laut 
dalit dem Laurvikit, mit dem er nicht nur in seinem geologischen Vor= 
kommen verbunden, sondern auch in Struktur und Mineralien-Zusam- 
mensetzung (abgesehen von dem grésseren Nephelingehalt) verwandt 
ist, auch in chemischer Beziehung sehr nahe.» The essential differe nee 
is only that lardalite has a smaller content of SiO, and a considerably: 
greater content of Na,O. By the decrease in the amount of SiO, as come 


* It should be pointed out that we have two kinds of nepheline-syenite pegmatites a® 
Langesundsfjord (Bré ger, 1890, pp. 183, 185 and Fersman, 1929, p. 67). Fersma 
refers to them as »Melinophangiinge» and »Katapleitginge». 
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sared with larvikite, lardalite diverges from the general trend of diffe- 
entiation within the Oslo region (Brégger, 1933, p. 141). This is demon- 
strated in V. M. Goldschmidt’s differentiation scheme of the rocks of 
the Oslo region (Barth, 1939, p. 90). 

Comparing the rocks of the Oslo region with those of the Norra Karr 
listrict, it appears that the pulaskitet from Norra Karr in the chemical 
respect closely resembles larvikite, and that lakarpite can be said to cor- 
respond to lardalite. Pulaskite and lakarpite also show a relationship in 
sexture and mineralogical composition, as was the case with the larvikite 
ind lardalite of the Oslo region. Grennaite obviously corresponds to 
the katapleite pegmatites of Langesundsfjord, being closely similar in 
mineralogical composition. No attempt has been made to estimate the 
hemical compositions of the pegmatites, but to judge from the mineral 
omposition they are probably not very different from that of gren- 
aite. Grennaite might be regarded as an aplitic equivalent of the kata- 
leite pegmatites of Langesundsfjord (cf. the discussion of the geological 
bservations). 

The mineral paragenesis of the Norra Karr district is, however, not 
ne which might be expected in typical magmatic rocks. They probably 
rystallized under quite peculiar conditions. The abundance of fluorite 
oints to the conclusion that the magma contained a considerable 
mount of volatiles, an enrichment of which probably occurred during 
he crystallization. These volatiles are supposed to have had a decisive 
uence upon the mineral paragenesis of the rocks. It is probable that 
ey already played a considerable role during the crystallization of the 
hanerocrystalline rocks. Unless this was the case, it is hardly possible 
at such minerals as pectolite and rosenbuschite could have been 
rmed. The magma from which grennaite crystallized is supposed 
have been extremely rich in volatiles. The mineral paragenesis of 
ennaite and particularly of the pegmatitic schlieren in grennaite 
ggests that this was the case. The occurrence of almost pure microc- 
e individuals together with albite and the presence of natrolite 
dicate that the schlieren crystallized from a magmatic solution rather 
an. from a magma. 

During the crystallization of the phanerocrystalline rocks an accu- 
ulation of volatile constituents is likely to have taken place, finally 
oducing a residual magma. If this magma had been allowed to ecry- 


1 It should perhaps be mentioned that the term pulaskite as used by Brogger (1933, 
81) in the Oslo region has a somewhat different significance than in this paper. In 
égger’s conception pulaskite is a rock aproaching nordmarkitic composition shee kat 
this paper pulaskite has been used in the now commonly accepted significance, namely 
yenite containing a certain amount of nepheline, though not so much that the rock can 


reckoned as a nepheline-syenite. 
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stallize wnder conditions favourable to pegmatitic crystallization, 
nepheline-syenite pegmatites would undoubtedly have been formed, — 
If the conclusion in the preceding chapter is correct, however, a passag 
from the magma chamber was opened up and the residual magma was | 
allowed to ascend. The grennaite then probably crystallized after the 
greater part of the gas component had vanished. The occurrene 
of pegmatitic schlieren here and there in the grennaite is considered t 
be due to the fact that the gas component here was enclosed by the 
crystallizing grennaite, which prevented its escape. 

In conclusion I shall summarise my views concerning the origin o} 
the Norra Karr district and the genesis of the rocks: 

The existence of an alkaline magma is conceived. After the crystalli 
zation of the phanerocrystalline rocks at a deep level, there was am 
unconsolidated residual magma rich in volatile materials. It is assume | 
that gases accumulated under a resistant roof until they were given ¢ 
opportunity to ascend. The rising residual magma carried fragments ¢ 
the previously crystallized alkaline rocks and in part reacted upon them 
during its consolidation. The residual magma crystallized as grennait 
after the greater part of the gas component had vanished. Thus th 
phanerocrystalline rocks now exposed as inclusions in grennaite are 
considered to be the main components of an igneous complex of rocks, 
and the grennaite which at the present level is quantitatively heavil} 
dominant over them is considered to be the last differentiate which, if | 
it had crystallized under pegmatitic conditions, would have formed 
nepheline-syenite pegmatites equivalent to the katapleite-pegmatite 
of the Oslo region. 

The above argumentation on the emplacement of grennaite largely 
coincides with Shand’s conception of the emplacement of many alkaline: 
bodies, namely, »that the opening of vents and contraction fissures, at 
the stage when freezing has proceeded so far that the magma is nm 
longer capable of moving as a whole, may set up a streaming of magmatit 
gases towards these places of reduced pressure, with the effect of driving 
the small liquid residue in the same direction and promoting its accu 
mulation in cupolas, pipes and fissures» (Shand, 1922 b, p. XXIX). 

I do not venture to discuss the origin and composition of the alkalin 
magma from which the Norra Kirr rocks are supposed to have crystal 
lized. We shall, however, consider some general problems in connection 
with the genesis of alkaline rocks. 

For a long time it was attempted to explain the origin of all alkalin 
rocks by one universal hypothesis. The similarity in form and mode ¢ 
occurrence of many alkaline districts may have contributed to thi 
conception of the problem. The discussion has proceeded, more or le 
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vigorously, ever since Daly (1910) presented his well-known, assimilation 
hypothesis. According to Daly (1933, p. 497) an alkaline magma may be 
produced from a subalkaline magma (ranging in composition from 
basaltic to granitic) by reaction with limestone. During this process 
heavy lime silicates are formed which will sink, carrying silica down- 
wards, thus desilicating the subalkaline magma, while on the other 
hand alkaline carbonates will rise towards the roof of the magma cham- 
ber. In this way an alkaline magma may be separated from the original 
subalkaline magma. Lindgren (1915, p. 276), Bowen (1915, p. 62) and 
Smyth (1927, p. 548) inferred that Daly’s hypothesis would not explain 
the enrichment of typical »Restelemente» such as zirconium and 
lanthanides found in many alkaline rocks. They held that the alkaline 
rocks were late differentiates of subalkaline magmas. 

The discussion centred about the question: Did the alkaline rocks 
we their origin to assimilation or to differentiation? The geologists 
ivided into two groups; we might call them the »assimilationists» and 
he »differentiationists», of whom the former adhered more tenaciously 
o their ideas than the latter. Bowen (1915, p. 64), for example, admitted 
that some nephelite rocks, especially melilite-nephelite types, may be 
ormed by the method suggested by Daly». Among the »differentiatio- 
ists» there was more than one concept of the kind of differentiation 
eading to the formation of an alkaline magma. Different views are 
epresented by Bowen (1928): late differentiate by the crystallization 
f a subalkaline magma, Barth (1936): late differentiate by the cry- 
tallization of a basaltic magma of alkaline affinity, Smyth (1927) and 
indgren (1933): late differentiate of a subalkaline magma with the 
id of the volatile constituents of the magma. The tendency to seek 
universal hypothesis for the formation of the alkaline rocks may be 
ustrated by Shand’s attempt (1922 b, p. XXIX) to meet the criticism 
f the »differentiationists». Shand’s hypothesis is a modification of 
aly’s original one. Instead of conceiving a subalkaline magma. assi- 
ilating limestone, he conceived an acid residual magma already 
nriched in »Restelemente», which by assimilation of limestone would 
roduce an alkaline magma. , 

It is undeniable that from a physicochemical point of view the assi- 
ilation hypothesis, as worked out by Daly and Shand, had certain 
dvantages over the differentiation hypotheses. The process leading 
o the formation of an alkaline magma from a subalkaline magma by 
eaction with limestone is easily conceivable, whereas the differentiation 
ypotheses encounter several difficulties of a physicochemical nature. 
4 is not conceivable how an alkaline residual magma can come into 
xistence by simple fractional crystallization of a subalkaline magma 
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(Barth, 1939, p. 89). Neither is a derivation from a basaltic magma o 
alkaline affinity (Barth, 1936, p. 349) able to give a satisfactory expla 
nation. The basaltic differentiation may explain the development o: 
rocks of moderate alkalinity, which process is exemplified by the soda- 
trachytes and the sodium-poor phonolites of the oceanic islands (Barth, 
1931, p. 528), but it fails to explain the development of extremely 
sodium-rich rocks. Smyth (1927) and Lindgren (1933) improved the 
hypothesis of the differentiation from a subalkaline magma, reckoning 
with an extended effect of the volatile constituents of the magma. »It 
is held... that the alkaline rocks are late products of differentiation; 
and that they are formed with the aid of the volatile constituents of the 
magma, these being not only mobile themselves but having also the 
capacity to form mobile compounds with many elements.» (Lindgren, 
1933, p. 163.) 

On account of the fact that there was no outcrop of carbonate rocks 
in the neighbourhood of many alkaline districts, the assimilation hypo- 
thesis was abandoned by one author after the other. On the other hand, 
at certain places evidence accumulated in favour of the assimilation — 
hypothesis. Eventually more and more petrologists arrived at the 
conclusion that the problem of the origin of the alkaline rocks had been 
excessively simplified and that no universal hypothesis for their genesis 
was tenable. Wegman’s interpretation (1938, p. 79) of the alkaline rocks — 
of Julianehaab as owing their existence to metasomatic agents, promoted — 
the common, opinion that alkaline rocks might be formed in more than 
one way, or as expressed in Barth’s words: »Es ist anzunehmen, a 
die meisten Alkaligesteine eine recht komplizierte Bildungsgeschichte 
aufweisen und dass infolgedessen keine einzige der erwahnten Hypo- 
thesen in der Lage ist, ihre Entstehungsweise restlos zu erkliren. Die 
Alkaligesteine sind sicherlich »polyphyl (um einen Ausdruck aus der 
Paliontologie zu entlehnen): Sie kinnen von mehreren Seiten stammen. 
Dariiber sind sich wohl jetzt alle Petrographen einig» (Barth, 1939, p. 88). ; 

Wegman’s highly interesting interpretation of the alkaline rocks — 
of the Julianehaab complex has given a new aspect to the genesis — 
of the alkaline rocks (1938, p. 79): »The new working hypothesis may 
be defined as follows: The Gardar Formation was intruded by a_ 
series of abyssal rocks and syntectic rocks embracing the series essexite— 
arfvedsonite-granite. A very large part of the edifice, the intrusive rocks _ 
as well as the wall rocks, were subsequently transformed through im-_ 
bibition of solutions, thus turning into alkaline rocks.» Wegman (p. 77) 
regards the lujavrite to be »a metamorphic correlate to the porphyry i 
formation» and the naujaite to be a correlate to the essexite gabbroes. — 
He assumes the solutions added to the porphyry formation and essexite 
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sabbroes yielding lujavrite and naujaite, to be »the last remnants of the 
ssexite series). 

Wegman’s point of view is certainly worth consideration, and it is 
ossible that it is also applicable to other occurrences of alkaline rocks 
han the Julianehaab district. In the case of the Norra Karr district 
t must, however, be rejected, the field evidence hardly being recon- 
ilable with a metasomatic origin of the rocks, even if the paragenesis 
f some of them might invite speculations along this line. 

Since the country around the Norra Kirr district is composed entirely 
f acid rocks, I do not consider it necessary to discuss the origin of the 
lkaline rocks there as possibly being due to contamination of limestones. 

regard the differentiation hypothesis far more probable, especially in 
he form worked out by Smyth (1927) and Lindgren (1933). 

Finally I should like to draw attention to the remarkable fact that the 
resence of zirconium minerals in a number of alkaline rocks seems to 
xclude carbonate minerals. It cannot be a mere coincidence that the 
arbonate-rich alkaline districts of Fennoscandia, e.g. Fen, Alnd}, Sarna 
d Turja show no zirconium minerals, whereas the zirconium-accen- 
uated alkaline districts, Umptek, Lujavr Urt and Norra Karr are 
ompletely devoid of carbonate minerals. I tend to the opinion that 
here is some fundamental difference in the genesis of the carbonate-rich 
Ikaline rocks and the zirconium-rich alkaline rocks. I do not imply 
hat each type should necessarily be ascribed to a certain genetical 
rigin. Similar rocks may originate in more than one way, exemplified 
y the Julianehaab rocks which Wegman explained by metasomatosis, 
nd rocks of other zirconium-rich districts best explained by magmatic 
ifferentiation. I think, nevertheless, that it is justified to look upon 
e zirconium-rich alkaline districts as having certain genetical features 

common, distinguishing them from the carbonate-rich alkaline 
istricts and from districts showing neither of these chemical characters. 


VIII. Age of the Norra Kirr District. 


The geological relations of the Norra Kirr district show that it is 
unger than the Vaxié granite and also younger than the regional de- 
rmation, of this rock. This is the only statement relating to the age of 
e Norra Karr district for which we have conclusive evidence. The 
idence is: structural conformity of the grennaite with the boundary 
the district and fenitization of the surrounding granite. 


a A description of baddeleyite from Alné by Hussak (1898) has been shown to be due 
a mistake, probably a confusion with melanite (von Eckermann, 1939, p. 413). 
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It is not likely that more geological evidence can be produced whiek 
would contribute to the decision, of the age of the Norra Karr distriet, 
In the case of the Alné district, for example, the question of the age 
has been partially answered by the fact that Aln6é dykes have been ob-. 
served cutting Jotnian formations. No dykes have, however, been ob- 
served emanating from the Norra Karr district. Otherwise there might 
have been a chance that such a dyke would occur in contact with the: 
Visingsé formation, the nearest outcrop of which is situated only about 
one kilometre from the Norra Karr district. 

In the course of time speculations have arisen concerning the age oI 
the Norra Karr district, based upon tectonical conditions. Térnebohm 
(1906, p. 33) assumed that the deformation of the Vaxié granite in the 
area east of Vattern owed its origin to the formation of the Vattern 
depression, and the accompanying down-faulting of the Visingsé forma 
tion; the deformation would consequently be younger than the Visingsé 
formation, which for petrographical reasons Térnebohm parallelled 
with the Keuper formation in Skane. With a reservation for possible 
incorrectness of the assumptions in his argument, Térnebohm concluded 
that the Norra Karr district »ej kunna vara aldre an bérjan af juratiden 
men, mojligen yngre».* / 

As to the age of the Visingsé formation, it has now been shown to: 
belong to Lower Cambrian or upper pre-Cambrian (Brotzen, 1941, p.! 
245). Tornebohm’s speculations as to the age of the Norra Kirr distriet: 
must therefore be reconsidered. | 

Gavelin (1912 b) opposed Térnebohm’s view regarding the connection: 
of the Vaxié granite and the formation of the Vattern depression, and 
held that »den kataklastiska forskiffringen vid Vattern ar af vida aldre 
datum in Visingsdseriens nedsinkning och Viatterbickenets uppkomst* 
(p. 33). Gavelin arrived at the conclusion that the deformation of the 
Vaxid granite took place in »pre-Cambrian time».? Not being aware of 
the precrystalline character of the schistosity of grennaite (katapletit- 
syenit) he thought that the schistosity had been developed simultaneous 
ly with the deformation, of the granite and therefore also regarded the 
Norra Karr district as of »pre-Cambrian age» (p. 36). However, com 
sidering the precrystalline character of the schistosity of grennaite, 

Gavelin’s reasons for ascribing a »pre-Cambrian age» to the Norra Kan 
district will not hold good. 


1 In translation: »could not be older than the beginning of the Jurassic period bu 
possibly younger». j 

2 In translation: »the cataclastic deformation near Vattern is of much older date thar 
the down-faulting of the Visings6 series and the formation of the Vattern depression». — 

* The Vaxi6 granite is now classified as belonging to the Gothic epoch of the Fenno 
scandian pre-Cambrian (Magnusson, 1936), / 
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It is, of course, possible that the intrusion of grennaite took place at 
he final stage of the deformation of the Vaxié granite and that it 
solidified somewhat after the deformation processes had come to an end, 
gut it seems more probable that the grennaite is definitely younger 
han the deformation of the Vaxid granite. 

In conclusion it may be pointed out that after the finding of a radio- 
wctive mineral in the pulaskite of the Norra Karr district, it is at 
east theoreticallly possible that the question of the age of the district 
san be settled in a satisfactory manner. 
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Literature on pollen-statistics and related topics 
published 1940—1943. 


By 
G. ERDTMAN. 


(MS. received Nov. 19, 1943.) 


This eighth issue of »Literature on Pollen-Statistics» contains papers 
published in the years 1940—1942, a few also in 1943 (in conformit 
with some of the previous issues it also contains a number of older, 
chiefly botanical papers). The list can hardly be complete since the 
compiler has included chiefly papers sent to him personally. But as 4 
result of the war the international exchange of scientific literat 
has been essentially reduced. 

The publication of this issue can only be continued in case papers 
on pollen-statistics and similar topics regularly come into the hands 
of the editor. 
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Abbreviations: 


A: Alnus; Ab: Abies; B: Betula; C: Carpinus; Co: Corylus; F: Fagus; ; 
P: Pinus; Pe: Picea; Q: Quercus; S: Salix: T: Tilia; U: Ulmus. 
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' (Holstein). — Praehist. Ztschr., vol. XXVIII—XXIX, 1937—38, Ber 
lin 1939 (pp. 3—15; A, B, Co, P, Pc, 8; Cyperac., Empetz., Erica : 
Gramin.; varia; Sphagnum). 

—, Drei bemerkenswerte steinzeitliche Moorfunde aus dem _  Kereise 

Ebenrode Ostpr. — Vierteljahrsschr. Altpreussen, H. 3, 1940 (5 pps 

3 diagrams; A, B, C, Co, Hippophae, P, Pe, Q, 5, T, U; Cyperac., Gr 

min., herbs; Filic., Selaginella, Sphagnum; Cosmarium). 

— Beitrag zur Entwicklungsgeschichte des Frischen Haffs. — Geol. 
Meere u. Binnengew., vol. 5, 1941 (pp. 1—20; A, B, Co, P, P. ef. Hap 
loxylon, Pe, Q, T, U; Cyperac., Gramin.; Filic.). 

—, Kin friihgeschichtlicher Holztopf-Fund aus dem Samland. — Viertel - 
jahrsschr. Altpreussen, H. 2, 1941 (2 pp.; 1 diagram; A, B, C, Co, & 
P, Pc, Q, S, T, U; Cyperac., Ericac., Gramin. spont. and cult.; Filic.) 

—, Ein subfossiler Rangifer tarandus-Fund aus Ostpreussen. — Abb. Ne 
Ver. Brem., vol. XXXII, 1942 (pp. 64—76; 1 diagram; A, B, OC, Co, 
Hippophae, P, Pc, Q, 8S, T, U; Cyperac., Empetr., Ericac., Grami n.; 
ferns, Selaginella, Sphagnum). 


Hallik, R., Pollenanalytische Untersuchung im Postglazial Westpommerns s. 


‘ 
- 
‘ 
P 
‘ 
‘ 


—N. Jahrb. f. Min. etc., Abt. B, vol. 88, 1943 (pp. 40—84; 7 diagrams; 
Ast, -C, Co, Fs Pace Q, A U; Dryopt. thelypt., Sphagnum; cf. Cas 
tanea, ef. Nyssa). 


Hauff, R., Die Buchenwilder auf den kalkarmen Lehmbéden der Ostalb 
und die nacheiszeitliche Waldentwicklung auf diesen Boden. — Jahresh. . 
Ver. vaterl. Naturk. Wiirttemb. 1937 (1938). 

Jonas, F. und Benrath, W., 6000 Jahre Getreidebau in Nordwestdeutsch- 
land. Die Auswertung eines Bodenprofils als Kulturdokument. — Fed d- 
de, Rep. sp. nov., Beih., vol. XCI, Dahlem 1937 (pp. 35—49; 2 diagr: 
in tab. XIII and XIV; A, B, C, Co, F, Ilex, Juniperus, Myrica, P, 
Q, 8, T, U; Alisma cf. plantago, Calluna, Centaurea, Empetrum, Eric a, 
Ericales, ef. Potentilla, Ranunculus, cf. Secale, Stellaria cf. palustris, : 
Succisa, Umbellif., Vaccin.; Dicranum, Hypnum, Lycopod. clavat., L 
inundat., Polypod., Sphagnum ef. cuspidatum). 

Keit, E. und Mothes, K., Pollen- und Holzkohlenanalysen alter Waldhor 
zonte der Kurischen Nehrung. — Bot. Archiv., vol. 44, 1942 (pp. 158 
L780; Co, PP aPevO ose i ail: Oyperac., Fricac, Gramin., a 
Tia; ferns, Lycopod., Sphagnum). ; 

Kienitz, E., Wandlungen des Holzartenbildes im sachsischen Staatswalde) 
seit dem 16. Jahrhundert, mit Ausblicken auf die a 
Diss.; Tharandt. Forstl. Jahrb., vol. 87, 1936 (pp. 285—326, 4134 
459523, 641—690, 747—199, 824—853). 

Kolumbe, E. und Beyle, M., Mitteilung iiber einen Se ee or 
von Lieth bei Eimshorn in Holstein, — Beih. Bot. Centralbl., 
ee Abt. B, 1942 (pp. 591—594; 1 diagram; A, B, Co, QM, §; Bvicaa 

¢.). 

Krasser, L. M., Hiszeitliche und nacheiszeitliche Geschichte des Pratigat 
— Giessen 1939, 
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‘tihne, F., Kin bemerkenswertes Vorkommen von Léss und interglazialem 
Torf bei Neheim-Hiisten (Ruhr). — Jahrb. Preuss. Geol. Landesanst., 
vol, 53, Berlin 1933 [pp. 358—362; cf. Ab, B, Co, P, Pe; Sphagnum; 
analysis by Heck). 

orenz, A., Pollenanalytische Untersuchungen zur Waldgeschichte der zen- 
tralen und siidlichen Ostalpen. — Beih. Bot. Centralbl., vol. 50, 1932 
[pp- 1—34; 10 diagrams; A, Ab, B, Co, F, P (Cembra, montana), Po, 
QM, §, T). 

osert, H., Beitrige zur spiit- und nacheiszeitlichen Vegetationsgeschichte 
Innerbéhmens. I. Der »Kommerner See». — Ibid., vol. LX, Abt. B, 
1940 (pp. 346—394; 7 diagrams; A, Ab, B, C, Co, F, P, Pc, Q, 8, T, U; 
Cyperac., Gramin., cult. grasses, Typha latif., varia; Sphagnum), 

-, Beitriige zur spit- und nacheiszeitlichen Vegetationsgeschichte Inner- 

boéhmens. IT. Das Spiitglazial von Wschetat. — Ihbid., vol. LX, Abt. 

B, 1940 (pp. 395—414; 2 diagrams; A, Ab, B, Co, Hippophae, P, Pec, 

QM, 8; Cyperac., Gramin., Typha ef. latif.; Filic., Selagineila). 

, Beitrige zur spit- und nacheiszeitlichen Vegetationsgeschichte Inner- 

bohmens. ITI. Das Spitglazial bei Lissa-Hrabanov. — Ibid., vol. LX, 

Abt. B, 1940 (pp. 414—436; 2 diagrams; A, B, C, Co, F, Hippophae, P, 

Pe, Q, S, T, U; Artemisia, Cyperac., Empetrum, Gramin., Myriophyll. 

alternifl., varia). 
aigdefrau, K., Paliobiologie der Pflanzen. — Jena (Fischer) 1942 (396 pp.; 
a few pp. — chiefly after Bertsch — on pollen analysis). 
iiller, K., Naturschutzgebiet Wildseemoor bei Wildbad-Kaltenbronn. — 
Veréff. Wiirttemb. Landesst. f. Naturschutz, H. 17, Stuttgart 1941 
(pp. 7—56). 
fietsch, H., Wald und Siedlung im vorgeschichtlichen Mitteleuropa. Unter 
besonderer Beriicksichtigung der Jiingeren Steinzeit. — Mannus-Biiche- 
rei, vol. 64, Leipzig 1939 (254 pp.; 1 orig. diagram p. 34; A, Ab, B, 
Bio, -b, P,Pe, cf. Populus, Q, T,; UV). 

erbeck, F., Zur Geschichte der Vegetation. — In Buchenau, Flora von 
Bremen, Oldenburg, Ostfriesland und den ostfriesischen Inseln. 10. 
Aufl. 1936. 
Die Moore Niedersachsens in geologisch-botanischer Betrachtung. — 
»Geologie und Lagerstiitten Niedersachsens», vol. 4, Veréffentlichungen 
d. Wirtschaftwissenschaftl. Ges. zum Studium Niedersachsens; Verlag 
G. Stalling, Oldenburg i. O. 1939 (54 pp.; 12 illustrations of pollen- 
grains; 1 diagram; A, B, C, Co, F, P, Pe, Q, 8, T, U; Cyperac., Ericac., 
varia; Filic.). ‘ : : 
und Schneider, §., Torfzersetzung und Grenzhorizont, ein Beitrag zur 
Frage der Hochmoorentwicklung in Niedersachsen. — Angew. Bot., 
vol. XXII (pp. 321—379; 1 diagram; A, B, O-CoclaPtPe Oss, L. 
U; Calluna, Cyperac., ferns, Gramin., varia). . 

affenberg, K., Uber einige Moore aus der jiingsten Hebungsstufe in der 
Umgebung von Wilhelmshaven. — Haarnagel, W., Probleme der Kiis- 
tenforschung im siidlichen Nordseegebiet, vol. 2 1942 (2). Pp. 22—36; 
4. diagrams; A, B, C, Co (partially = Myrica!), F, P, Pe, Q, T, U; Che- 
nop. (max. 104 per cent), Cyperac., Erical., Gramin.; ferns (max. 4 000 
per cent). 
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Pfaffenberg, K., Die geologische Lagerung und pollenanalytische Altershe 
stimmung der Moorleiche von Bockhornerfeld. — Abh. Nat. Ver. Brem,, 
vol. XXXII, 1942 (pp. 77—90; 2 diagrams; A, B, C, Co, F, P, QM)5 

Redmann, H., Untersuchungen tiber die Waldgeschichte der Frischen Neh-. 
rung mit besonderer Beriicksichtigung des Buchenvorkommens bei 
Kahlberg. — Schr. Phys.-Okon. Ges. Kénigsberg (Pr.), vol. 70, 19388 
(pp. 127—180; 16 diagrams; A, B, C, Co, F, P, Pe, Q, 8, T, U; Cyperae., 
Ericac., Gramin., varia; Filic.). 

von Sarnthein, R., Pollenanalytische Untersuchungen von Bodenproben 
aus dem Berghaugebiet der Kelchalpe bei Kitzbiihel, Tirol. — Mit 
prihist. Komm. Akad. Wien 3, 1937 (pp. 180—133). 

—, Moor- und Seeablagerungen aus den Tiroler Alpen in ihrer waldge 
schichtlichen Bedeutung. II. Teil: Seen der Nordtiroler Kalkalpen. = 
Beih. Bot. Centralbl., vol. LX, Abt. B, 1940 (pp. 4837—592; 11 dia 
grams; A, Ab, Acer, B, Co, F, Fraxinus, Hippophae, P, cf. P. cembra. 
cf. P. montana, Pc, Q, QM, 8, T, U; Cyperac., Gramin.; Selaginella). — 

Schmeidl, H., Beitrag zur Frage des Grenzhorizontes im Sebastiansberger | 
Hochmoor. — Ibid., vol. LX, Abt. B, 1940 (pp. 493—524; 6 diagrams; 
A, Ab, B, C, Co, F, P, Pc, Q, 8, T, U; Ericac.; 2 rhizopod diagrams), 

Schréder, D., Palaobotanische Untersuchung der Interglaziale. Pp. 12—19 
in Wolff, W. und Schréder, D., Interglazialbildungen von Eversen bei 
Rotenburg i. Hann. — Jahrb. Moorkunde, 27. Jahrg., Hannover 194€ 
(2 diagrams; A, Ab, B, C, Co, P, Pc, Q, 8, T, Tsuga, U; Ericac.). 

Schiitrumpf, R., Die palaobotanisch-pollenanalytische Untersuchung. —- 
Sonderdruck aus »Das altsteinzeitliche Rentierjigerlager Meiendorfp, : 
Neumiinster 1937 (pp. 10—47; 1 diagram; A, B, Co, F, Hippophae, 
P, Pe, Q, 8, T, U; Arctostaphylos, Calluna, Chenopodiac., Compos., 
Cyperac., Empetrum, Erical., Galium, Gramin., Myriophyllum sp., 
Nuphar, Nymphaea alba, cf. Plantago, Typha, Umbellif.; ferns, Sela 
ginella, Sphagnum). 

—, Geschichte der Vegetation des siidwestlichen Holsteins seit der letzten 
Hiszeit. — Heimatbuch Stormarn, der Lebensraum zwischen Ham- 
burg und Liibeck, 1938. . 

—, Pollenanalyse und Vorgeschichte. — Der Biologe, vol. 8, 1939 (pp. 
307—309). ; 

—, Stratigraphisch-pollenanalytische Mooruntersuchungen im Dienste der 
Vorgeschichtsforschung. — Prihist. Ztschr., vol. XX VIII—X XIX 1937 
— 88, Berlin 1939 (pp. 158—183; 1 diagram; A, B, C, Co, F, Hippophae, 
P, Pe, Q, 8, T; Cyperac., Empetr., Gramin.; Filic., varia). : 

—, Die pollenanalytische Untersuchung der Rentierjigerfundstiitte Stell- 
moor in Holstein. — Sonderdruck aus Rust, Die alt- und mittelsteim 
zeitlichen Funde von Stellmoor, Neumiinster 1943 (pp. 6—45; 2 dia- 
grams; A, B, C, Co, F, Hippophae, P, Pe, Q, 8, T, U; Chenopodiae, 
Compos., Empetrum, Ericac., Gramin.; Selaginella, ferns). 

Schwenkel, B., Bliitenstaubuntersuchungen an Mooren und ihre wissenschaft- 
liche Bedeutung. — Monatsschr. Wiirttemb. 1932 (pp. 405—413; 1 fig.) 

Selle, W., Die Pollenanalyse von Ortstein-Bleichsandschichten. — Beil 
Bot. Centralbl., vol. LX, 1940 (pp. 529—546; 10 diagrams; A, B, C, Co 
F, P, Pc, Q, 8, T, U; Calluna, Cyperac., Ericac., Gramin., varia; Filie 
Polypod., Sphagnum). 
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elle, W., Die Bestockungsanteil der Buche, Hainbuche, Hiche und Birke in 
Nordwestdeutschland auf Grund von pollenanalytischen Untersuchungen. 
— Ztschr. f. Forst- u. Jagdwesen, LX XIII. Jahrg. 1941 (pp. 65—108; 1 
diagram; A, B, CO, Co, F, P, Pe, Q, 8, T, U; Cyperac., Hricac., Gramin., 
varia; Filic., Sphagnum). 

-, Beitrige zur Mikrostratigraphie und Paliiontologie der nordwestdeutsch- 
en Interglaziale. — Jahrb. Reichsstelle f. Bodenforsch. f. 1939; Berlin, 
Reichsst. f. Bodenforsch., vol. 60, 1941 (pp. 197—235; 4 diagrams; A, 
Ab, B, C, Co, F, Ilex, P, P. Cembra, Pe, Pe ef omorikoides, Q) 8,7 U; 
Cyperac., Empetr., Ericac., Gramin., varia; Filic., Sphagnum). 

apfer, H., Meeresgeschichte der Kieler und Liibecker Bucht im Postglazial. 
— Geol. d. Meere u. Binnengew., vol. 4, 1940 (pp. 113—244; 23 dia- 
grams; A, Ab, B, C, Co, F, Hippophae, P, Pc, Q, 8, T, U; herbs, Gra- 
min., Sonchus paluster). 

hiergart, F., Die Bedeutung der Pollenforschung in verschiedenen Zweigen 

der Wissenschaft (Medizin, Honigherkunftsbestimmung, Forstwirt- 
schaft, Vorgeschichte, Geologie). — Deutsche Apothekerzeitung, Jahrg. 
1939, Berlin 1939 (pp. 599—603). 

erth, E., Weitere Untersuchungen zur klimatischen Bedingtheit unserer 

Forstgehélze. II. Die maritime Waldgrenze, die atlantische Heide und 

die Verbreitung und das Alter der Podsolbéden in Nordwestdeutsch- 

land. — Arb. biol. Reichsanst. Land- u. Fortswirtsch., Berlin-Dahlem, 
vol. 21, Berlin 1934 (pp. 269—330; 3 diagrams; Calluna; analyses by 

Klemm and Werth). 

, Lagerungsverhaltnisse und Typologie der Kultur von Miinchehofe nebst 

Bemerkungen zur kulturgeschichtlichen Bedeutung des Campignien. — 

Praehist. Ztschr., vol. XXVITI—XXIX, 1937—38, Berlin 1939 (pp. 

388—397; A, B, Co, F, P, Pe, Q, 8, T, U; »Erica-gewachsey, Gramin. 

and Cyperac., herbs; analyses by Klemm). 


Great Britain and Ireland. 


bby, H. C., The submerged forests at Rhyl and Abergele, North Wales. 
Data for the study of postglacial history. III. — New Phytologist, 
vol. XX XIX, 1940 (pp. 220—225; 1 diagram; A, B, Co, P, Q, 8, T, U; 
Chenopodiac., Compos., Cyperac., Gramin., Nymphaeac., Polygonac.; 
Polypodium). , 

ark, J. G. D. and Godwin, H., A late bronze age find near Stuntney, Isle 
of Ely. — Antiq., vol. XX, 1940 (pp. 52—71; 1 diagram; A, Ab, B, 
mob, FyQ;°F, U). 

dtman, G., An Introduction to Pollen Analysis. — Waltham, Mass., 
1943 (chapt. VII: Ericaceae tetrads and tree pollen grains from a de- 
posit in the Shetland Islands). 

x, ©. and Hyde, H. A., A second Cauldron and an Iron Sword from the 

Llyn Fawr Hoard, Rhigos, Glamorganshire. — The Antiquaries Jour- 

nal, vol. XIX, 1939 (pp. 369—404; 1 diagram; A, B, C, Co, FY P2Q, 8, 

T, U; Bricac., non-tree pollen; Sphagnum; analyses by Hyde). — 

win, H., Studies in the Post-Glacial history of British Vegetation. III. 

Fenland pollen diagrams. IV. Post-Glacial changes of relative land- 

and sea-level in the English Fenland. — Phil. Trans. Roy. Soc., ser. 
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B, no. 570, vol, 230, 1940 (pp. 289—303; 31 diagrams and diagram fr 
ments; A, B, C, Co, F, P, Pe, Q, 8, T, U). eS 

Mitchell, G. F., Studies in Irish Quaternary deposits: Some lacustrine ; 
posits near Dunshaughlin, county Meath. — Proce. R. Irish Acad., vol. 
XLVI, sect. B, no. 2, 1940 (pp. 13—37; 9 diagrams; A, B, Co, P, @ 
8, U; Ericac., Myriophyllum, non-tree pollen). 

© Riordéin, §., Excavations at Cush, Co. Limerick. — Ibid., vol. XL 
Sect. C, no. 7, 1940 (pp. 83—181; 2 diagrams; A, B, Co, P, Pe, Ga 
U; Ericales; analyses by K. Jessen). 


Iceland. 


Thorarinsson, §., Mot eld och is. Den tusenariga kampen pi Nordens vast 
front. — Ymer, vol. 61, 1941 (pp. 264—298; 1 diagram; B, 8; Car 
phyll., Compos., Cyperac., Gramin. cult. et spont., herbs, Myrica, ferns), 


Netherlands. 


Baas Becking, L. G. and Nicolai, E., On the ecology of a Sphagnum bog. = 
Blumea, vol. I, Leiden 1934 [pp. 10—45; 1 diagram; A, B, C, Co, ¥, 
P, Q, 8, T, and pollen grains of spores of 18 further genera (if all correeth 
determined?); analyses by A. Krijthe]. 
Florschiitz, F. and Jonker, F. P., A botanical analysis of a late-pleistocem 
and holocene profile in the Rhine delta. — Rec. Trav. Bot. néerl, 
vol. XXXVI, 1939 (Mededeel. Bot. Mus. Utrecht no. 72; pp. 686—696 
1 diagram; A, Ab, B, C, Co, F, P, Pe, Q, QM, S; Cyp., Ericac., Gra 
Sphagnum). 
— ud Wassink, EH. C., Untersuchungen an niederlindischen Mooren. L 
Ergebnisse der Untersuchung einiger kleinen Moore in Drenther Heide 
gebiet; ein Beitrag zur Lésung der Heidefrage. — Ibid., vol. XX XVII 
1941 (pp. 1—17; 9 diagrams; A, Ab, B, C, Co, F, P, Pc, QM, §; 
Ericac., Gram., Selaginella, varia). 
Wassink, E, C., Ueber den Grenzhorizont in Niederlindischen Hochmoorei 
— Ibid., vol. XXXVI, 1939 (7 pp.). 


Norway. 


Faegri, K., Quartirgeologische Untersuchungen im westlichen Norwege 
' IL. Zur spatquartiiren Geschichte Jaerens. — Bergens Mus. Arbok 19% 
—40, Naturvidensk. rekke no. 7 [202 pp., 4 plates; 23 diagrams; A, A 

B (nana, pubescens, tortuosa, verrucosa), C, Co, F, Fraxinus, Hipp 
phae, Ilex, P, Pe, 8, 8. cf herbacea, T, U; Centaurea cyanus, Chen 
podiac., Cyperac., cf Elymus, Ericac. (Arctostaphylos cf uva ursi, 0a 
luna, Empetrum hermaphroditum, E. nigrum, Erica cinerea, E. 1 
tralix, Loiseleuria, Vaccinium-type), Gramin. (cult. and spont.), E 
dera, »Micro-Betulay, Myrica, Myriophyll. alternifl., Plantago, Pol 
gonum aviculare, P. Raji, Rumex; Sphagnum]. 
_— og Petersen, J., Myrfunne tresaker fra Bo i Naerbg. II. Geologisk r 
tering. Av. K. Faegri. — Stavanger Museums Arshefte 50 (1939— 
1941 (pp. 22—30; 1 diagram; A, B, Fraxinus, P, Pc, Q, T, U; coreg 
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Chenopodiac., Cyperac., Ericac., Gramin., Nuphar, Nymphaea, Plan- 
tago, Polyg. persicaria-type, Potamoget., Rumex; English summary pp. 


F) a 


Russia. 


lonevicz, K. H., Notes sur la régression de l’aire du pin en la Péninsule 
de Kola. — Geobotanika, fasc., IV, 1940 (Acta Inst. Bot. Acad. Sci. 
URSS, Ser. III, pp. 97—131; 9 diagrams; A, B, P, Pe, 8, T; Russian; 
French summary pp. 131—133). 


South America. 


ner, V., Der Torf und die Torfschichten als historische Urkunden Feuer- 

_ lands und Patagoniens. — Geol. Rundschau, vol. XXXII, 1941 (pp. 
647—671; 6 diagrams; Cyperac., Desfontainea, Drimys, Embothrium, 
Fuchsia, Gramin., Maytenus, Myrceugenia, Nothofagus antarct., N. 
betuloid., N. Dombeyi, N. obliqua, N. procera, N. pumilio, Podocarpus; 
Hymenophyllum). 
u, M., Die postglazialen Eruptionsschichten Patagoniens und Feuer- 
lands. — Ann. Acad. Scient. Fenn., Ser. A, THI: 2, 1941 (115 pp.; 20 
diagrams; Acaena, Caryophyllac.-Chenopodiac., Compos., Cyperac., Des- 
fontainea, Drimys, Embothr., Ephedra, Ericac., Gramin., Gunnera, 
Hippuris, Lomatia, Maytenus, Mutisia, Myriophyll., Myzodendr., No- 
thofagus antarct., N, betuloid., N. Dombeyi, N. obliqua, N. procera, N. 
pumilio, Podocarpus, Schinus, Umbellif., Valeriana; Cystopteris, Hy- 
menophyll., Lycopod , Polypodiac.). 

iergart, F., Die Mikropalaontologie etc., 1940 (see Prequart. Deposits). 
Pollen grains described as belonging to »netziger Tilia-Typus» (figs. 12, 
13, plate XIII) certainly belong to Bombacaceae (Bombax-Cavanillesia 
type). They were found in samples from Tertiary and Upper Cretaceous 
strata at Rio Marahu, Brazil. 


Sweden. 


und, B., Fréséns submarina avlagringar. — Sveriges Geol. Unders., 
Ser. C, N:o 402, 1936. ; 
estam, P. O., Nagot om skogsférhallandena pa Tjérn i forna tider. — 
Meddel. Geogr. Foren. Géteborg, IX, 1940 (38 pp.; 13 diagrams; A, B, 
0, Co, F, Fraxinus, P, Pc, Q, T, U; Ericac.; summary p. 35: Die Wald- 
verhiltnisse der Insel Tjérn in friiheren Zeiten). 
Pollenanalytisk undersékning av nagra fornfynd fran sédra Inland. — 
Géteb. o. Bohusl. Fornminnesféren. tidskr. 1941, Goteborg 1942 (pp. 
145—150; 2 diagrams; A, B, C, Co, F, Hippophae, P, Pc, Q, T, U; En- 
caceae; analyses by P. O. and U. Atlestam and by R. Sandegren). f 
Bohuslins ljunghedar. En geografisk studie. — Meddel. fran Géte- 
borgs Hégskolas Geogr. Inst., N:o 30 (Inaug.-Diss.), Goteborg 1942 
(132 pp.; 20 diagrams; A, B, C, Co, F, Fraxinus, P, Pe, Q, StU: Cal- 
luna, Gramin.; Dryopt., Lycopod., Polypod., Sphagnum). 
och Niklasson, N., En forhistorisk tragslide. — Géteb. 0. Bohusl. 
Fornminnesféren. tidskr. 1942, Géteborg 1943 (pp. 59—66; 1 diagram; 
A, B, Co, F, P, Pc, QM; Ericac.). 


272 G. EKDTMAN. [Mars—April 9: 


Berlin, H., Sveriges forsta fynd av jittehjort. — Skanes Natur, Lund 1¢ 

. 27—30). 

— tae eee F., Zwei Riesenhirschfunde aus Siidschweden. — Medé 

Lunds Geol.-Mineral. Inst. n:o 92 (published in »Lunds Geol. Falt u 

1892—1942»), Lund 1942 (30 pp.; 4 diagrams; A, B, Co, Hippoph 

P, Pc, 8, T, U; Cyperac., Gramin.). — =a ; 
Blomqvist, 8., Ett subfossilt skelett av vikare, Phoca hispida Schreb., fr 

trakten av Sundsvall. — Fauna och Flora 1943 (pp. 19—22; A, B, 

Co, P, Pc, analysis by C. Larsson) 

Cleve-Kuler, A, Das letztinterglaziale Baltikum und die Diatomeenana- 

lyse. — Beih. Bot. Centralbl., vol. LX, Abt. B, 1940 (pp. 287—d3 

—, Das Alter der Allerédbildungen. Eine Antwort an Prof. V. Nordma 
— Lindesberg 1941 (12 pp.; 11 diagrams reproduced from papers 
Fromm, Iversen, Nilsson, and Thomasson). 

Erdtman, G., Ett papekande med anledning av en vaxtpaleontologisk st udie 
éver Borjesjén. — Geol. Foren. Férhandl., vol. 62, 1940 (pp. 304, 3 
A, B, Co, Fraxinus, Hippophae, P, Pc, Q, T, U). ; 

—, Pollenspektra fran svenska vaxtsamhiillen jamte pollenanalytiska mark 
studier i sédra Lappland. — Ibid., vol. 65, 1943 (pp. 87—66; 9 dia 
grams; A, Acer, B, 0, Co, F, Fraxinus, Hippophae Larix, Myrica, 
Pe, Q, 8, T, Taxus, U; Aconit. sept., Artemisia, Caryophyllac., Cen 
taurea Cyanus, Cirsium cf heterophyll., Compos., Crepis paludosa, Crt 
cif., Empetrum hermaphrodit., Epilobium, Ericac., Geranium silvat. 
Gramin. (Avena, Hordeum, Secale, Triticum; wild grasses), Juncus 
Lactuca alpina, Linnaea, Lonicera Xylost., Myriophyll. alternifl., Plan 
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Diabasintrusioner och algonkisk tektonik i Medelpad. 
En profil genom Torpshammartunne!n.? 
Av 


Sv EN HJELMQVIST. 


Vid det stora kraftverksbygge, som Statens Vattenfallsverk utfort 
d Giman i Medelpad, har en nara fem km lang avloppstunnel blivit 
springd i berg fran sédra iindan ay Nordanedesjén till Gimans ut- 
pp i Ljungan vid Torpshammar. Det snitt genom berggrunden, som 
mna tunnel blottat, har bl. a. 4 ena sidan givit mdjlighet att studera 
vindiabasens intrusionssitt i detta omrade, 4 andra sidan har det 
rit en inblick i de betydande rérelser i jordskorpan, som synbar- 
en igt rum i nara samband med diabasens framtringande. 

Den radande bergarten i trakten dr en gra gnejsgranit, vilken van- 
en ar ratt inhomogen och évergar i sliriga adergnejser, i vilka man 
m iakttaga rester av gra, smakornig gnejs av sedimenttyp. De vita 
rorna i adergnejsen svilla stundom ut till betydande pegmatitkért- 
. Darjaimte upptrider en vit eller ljusgra, delvis nagot flickig granit, 
ken tydligen hér naira samman’med pegmatiten. Den ar vanligen 
pdelkornig och innehaller relativt rikligt med Ijusréd granat. De mérka 
ckarna besta bl. a. av glimmer och sillimanit. Graniten torde till- 
ta Hiarnégranitgruppen. 

De olivindiabaser, som genomsitta den aldre berggrunden, iro till 
) alder antingen jotniska eller postjotniska, prekambriska. Da inom 
r ifragavarande omrade jotniska sedimentbergarter saknas, till vilka 
abaserna skulle kunna sittas i forhallande, ar det lampligare att i 
ta fallet helt allmaint anvinda benimningen algonkisk. 

PA Lundbohms karta éver berggrunden i Vasternorrlands lin? ha 
givits flera massivliknande férekomster av olivindiabas 1 Medel- 
d. I beskrivningen siger Lundbohm, att olivindiabasen upptrader 
som »ritt stora massiv, sma kupper eller gangar.? Lingre fram till- 
rar han dock betraffande forekomsterna i vastra Medelpad, att det 


Foéreliggande uppsats ar grundad pa iakttagelser, som giorts i samband med en 
edning re de ealscake forhallandena omkring Giman for Kungl. Vattenfallssty- 
ens rikning. Forf. ber att fi uttala ett vérdsamt tack till Vattenfallsstyrelsen, 
o bekostat tryckningen av uppsatsen. eh z a 
Handbohm, Hij., Berggrunden inom Vesternorrlands lan. 8. G. U. Ser. C, Nr 177, 1899. 
A. a. sid. 13. 
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annu aterstar att utrona, huruvida de verkligen »bilda isolerade kt 
per, eller om en del af dem mahanda tillhéra stérre gangar af diab. a8) 

Torpshammartunneln skir pa sin vag ett flertal diabaser av vax. 
lande miktighet och upptridande. Bland dessa dominerar fullstandigt 
en flack och samtidigt mycket betydande diabaskropp i mellersta deler 
av tunneln. Den stryker i vistnordvast-—ostsydostlig eller nordvaist— 
sydostlig riktning och ir blottad pa en stracka av 600 m i tunneln 
Dess stupning ir c:a 10°—15° mot SV. Maktigheten beraknas till ov 
100 m. Ungefir parallellt med denna men skild fran den av en nagr 
tiotal m maktig skiva av gnejsgranit léper en annan betydande gang 
med samma flacka sydvistliga sidostupning. Dess maktighet uppga 
till omkring 30 m. Dessa bada aro de enda diabasforekomster, som 
blivit utmarkta pa profilen fig. 1. De utgéra fortsittningen mot N) 
av den »diabasplugg», som forekommer pa Lundbohms karta i trakte 
av Bosjén och som alltsa stricker sig minst 5 km langre at detta hal 
an vad namnda karta visar. Sammanhanget framgar av flera blot 
ningar i dagen. Huruvida den dven kan tinkas vara férbunden med 4 
diabasférekomster, som pa Lundbohms karta angivas ett par mil lang? 
mot NV, kan ej avgéras med féreliggande observationsmaterial. Ei 
bestiimd slutsats kan man emellertid draga av det sagda, och det 4 
att atminstone denna »diabasplugg» i verkligheten ar en flack gam 
av mycket betydande dimensioner. Studerar man Lundbohms kart 
éver berggrunden i Vasternorrlands lin niirmare, skall man f. 6. finne 
att de har angivna diabasférekomsterna i Medelpad i huvudsak aro be 
lagna inom ett jimforelsevis smalt vistnordvist—ostsydostligt balt 
som stracker sig fran kusten vid Galtstréms bruk till Jamtlandsgrianse 
N och NV om Ange. 

I sitt nedre lopp skir tunneln ytterligare ett antal diabaser, sav 
flacka lager som brantare gangar. Pa ett stille har en kontakt obse 
verats mellan en flack diabas och en brantstaende gang. Den senare 
yngre och visar en tydlig avkylningskontakt mot den fodrra. Pett 
grafiskt foreligger icke nagon nimnviird olikhet mellan de bada fé1 
komsterna, och skillnaden i Aldershanseende behéver ej heller val 
stor. De kunna mycket val tillhéra samma intrusionsepok. Sa 
den namnda som 6vriga branta diabasgangar, som skiras av tunnel 
synas i huvudsak ha en vastnordvast—ostsydostlig strykningsriktnil 

I petrografiskt avseende uppvisa de olika diabasférekomsterna endé 
ringa variationer. Samtliga undersékta fall iro olivindiabaser, stund 
med olivinen omvandlad till serpentin eller klorit. Ovriga ingaet 
mineral iro plagioklas (basisk labrador), ljust rodbrun titanaugit sa 
titanomagnetit, i smarre mangder dirjimte biotit och apatit. Str 
turen ar ofitisk till subofitisk. Olivinen  bildar vanligen mer e 
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mindre idiomorfa korn. Kornstorleken vixlar fran finkornig, nastan 
tit till jimférelsevis grovkornig med halvcentimeterlanga plagioklas- 
lister. I en borrkiirna har iakttagits en monzonitisk utbildningsform 
av diabasen. Den bestar av alkalifaltspat, andesin, hornblande, augit 
och kvarts, vartill komma ilmenit, apatit och biotit. Augiten ligger 
delvis som rester i hornblindet. Alkalifaltspaten upptrider évervagande 
i form av sjilvstiindiga korn men ingar fven i skriftgranitiska samman~ 
vixningar med kvarts. Hornblindet bildar langa, prismatiska kristal- 
ler av en halv cm:s liingd. Aven ilmeniten forekommer i form av smala 
sténglar, vilka mita 2—6 mm i langd. Liknande monzonitiska ut- 
bildningsformer av olivindiabas ha férut beskrivits av H. von Ecker- 
mann.’ . 

Vid grinsen mellan gnejsgraniten och det undre flacka diabaslagret: 
(se fig. 1) forekommer en mycket betydande brecciezon, vilken synes 
forlépa tamligen parallellt med diabasen har, d. y. s. har en stupning 
av omkring 20°—30° mot SV. Det uppspruckna partiet bérjar 1 gnejs- 
graniten, som delvis ar fullstindigt séndersmulad, och stricker sig 
langt in i diabasen. Denna dr genomdragen av serpentinkladda slappor:; 
efter vilka den faller sénder i stérre och mindre block. Bl. a. markas 
kraftiga sprickor ungefar vinkelritt mot gnejsgranitkontakten. I mij 
neralogiskt avseende ir diabasen féraindrad satillvida, att all olivin for- 
svunnit och ersatts av serpentin och klorit, som aven genomdraga berg: 
arten i form av adror. Aven en riklig nybildning av prehnit har agt rum, 
framfér allt i gnejsgraniten. I strukturellt avseende ar diabasens om+ 
vandling mindre framtridande. Det férefaller, som om de huvudsak-~ 
liga rérelserna utlésts vasentligen i gnejsgraniten eller i sjalva kontakt- 
zonen mellan gnejsgranit och diabas. Dock traffas aven 1 diabaser 
smala skélzoner, efter vilka glidningar igt rum. Att verkligen betydande 
rorelser skett, visar bergets sénderbrutna beskaffenhet. 

Vad tiden for dessa rérelser betriffar, forefaller det ganska klart, att 
de maste ha férsiggatt 1 naira samband med diabasens framtrangande. 
A ena sidan har diabasen sjilv traffats av sénderbrytningen, vilket visar, 
att rorelserna fortgatt aiven efter diabasens intrusion, i varje fall efter 
det undre diabaslagrets bildning. A andra sidan har en uppkrossning 
av gnejsgraniten bérjat redan innan diabasmagman trangde fram, vil- 
ket framgar dirav att i nirheten av diabaskontakten smala kross- 
zoner i gnejsgraniten intruderats av diabas, som hoplakt sénderbrutna 
partier och nu innehaller sma rundade brottstycken av gnejsgranit. 
Aven parallellismen mellan diabasen och brecciezonen tyder pa ett sam- 
band dem emellan. Féljaktligen far man antaga som mycket sannolikt, 


1 Eckermann, H. von, The Loos-Hamra region. G. F. F. Bd 58. 1936. id. 315. 
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Fig. 2. De i Torpshammartunneln patriffade brecciezonernas lage i terréngen. 
Skala 1 : 50 000. 


att brecciebildningen, liksom diabasen, fr av algonkisk alder. Pa grund 
ay forskjutningszonens flacka lage har formodligen rorelsen haft karak- 
taren av uppskjutning, varvid det sédra bergartsblocket skjutits upp 
dver det norra. 

I sédra delen av tunneln forekommer en liknande brecciezon, vilken 
ock hir ej atféljes av diabas. Dess riktning och stupning visar emeller- 
id sd stora likheter med den ovan beskrivna rérelsezonen, att det ar 
mycket troligt, att dessa bada héra niéra samman. Brecciezonen i 
unnelns syddel har en vastnordvastlig—ostsydostlig strykning och stu- 
par 20°—30° mot SSV. Det starkt sénderkrossade berget har en bredd 


282 SVEN HJELMQVIST. { Mars—April | 


av 1,5—3 m men delar upp sig i smalare zoner med fastare berg emellan 
Hiir ses fiven lerskélar, i vilka smirre stenar ligga inbaiddade i en lerig 
mellanmassa pa ett siitt, som ganska mycket erinrar om vanlig moran: 
Berget ar pi bada sidor om den egentliga brecciezonen, till ett djuy 
av atskilliga meter, ganska starkt séndersprucket. Aven denna zon be: 
tecknar uppenbarligen en kraftig forskjutning i berggrunden, och lik. 
som i forra fallet torde det aiven har vara fraga om en uppskjutning: 
varvid det sydliga blocket pressats upp 6ver det nordliga. Av intresse 
Ar att konstatera bada de studerade brecciezonernas flacka lige. I de 
allra flesta fall ar det ej mdjligt att avgéra stupningen av de brottlinjer 
som géra sig gillande i den nuvarande topografien. Det ar i allmanhey 
forst genom ett studium av de tektoniska forhallandena i tunnlar oet 
gruvor, som detta blir méjligt. I sjalva verket torde flacka eller jam 
forelsevis flackt stupande brottzoner vara en relativt vanlig foreteels: 
i vart lands berggrund. 

Bada de skildrade brecciezonerna i Torpshammartunneln motsvara: 
ovanfor denna av tydliga svackor i berggrunden, sasom profilen fig 
1 visar. Mest framtradande ar detta forhallande vid brottzonen i sédr: 
tunneldelen. I nagon man kan detta bero pa att flera borrningar bli 
vit utforda har, vilket mdjliggjort en mera detaljerad bild av berg 
grundsytan. Jordticket ir ocksa mindre hirstades. Men aven vid de: 
norra brecciezonen framtrader tydligt en svacka i berggrundsytar 
ehuru dold av ett miktigt jordticke. 

Utanfor tunnelomradet kan man foélja de naimnda brottlinjerna | 
terringen, dir de delvis bilda tydliga sinkor. Som kartan fig. 2 visas 
representeras den norra linjen av sinkan vid Kléstrebodarna fab. oe: 
stracker sig darifran mot SO i riktning mot Bosjén. I diabasen V or 
Bosj6n mirkes en upprepning av samma brottlinjesystem, varvid te1 
rangen blivit uppdelad i flera parallella, nordvast—sydostligt strykand 
ryggar. Den sddra brottlinjen gor sig morfologiskt gillande i den sinke 
som framgar N om héjden vid Lillboda, mellan Lomtjarn i éster oc 
Gimans nedre lopp i V. 

Over huvud taget utgéra nordvast—sydostliga eller vistnordvast- 
ostsydostliga linjer ett ganska framtridande element i Medelpads tope 
grafi. Bade bergstrickningar och dalgangar med till dem hérande 4e 
och sjOsystem dro i ratt stor utstrickning orienterade i denna riktnin; 
Aven Ljungans dalging kan inordnas i samma system. Det férefall 
ganska sannolikt, att anlaggningen av detta drag i morfologien star 
samband med framtrangandet av de algonkiska diabaserna och de r 
relser i jordskorpan, som voro férbundna darmed. 


Tryckt med bidrag fran K. Vattenfallsstyrelsen. 
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Some Notes on the Reaction Series. 
By 


Harry von EcCKERMANN. 


The well known reaction series of crystallization of magmas, origin- 
ally conceived by Bowen, consist of one discontinuous dark-mineral 
‘series and one or two continuous light-mineral series which converge 
towards a common pegmatitic and hydrothermal series. 

The discontinuity is associated with the formation of minerals of 
different atomic structures, the continuity with isomorphic replace- 
ments, viz. solid solutions, mainly substitutional. Within the discon- 
tinuous series certain parts may be continuous. 

The discontinuous series are characterized by the increasing com- 
plicacy of the SiO,-tetrahedralinkages at decreasing temperature, the 
Sequence reading: 

msolated tetrahedra—single chains—double chains—sheets», or ex- 
pressed in terms of polymerization 


(Si0,)*~ = (Si0,)?~ (Fa; ($1,0,,)°~ = (Si0,). 


This sequence is synonymous with an increasing volume of the unit 
cell, exemplified by the following table: 


eee Its oe es es cae iets» s 994.2 As 
SAVORS en, et Oe 313.1) 
Diopside ...... a 433.6 » 
OU os een ee 838.0 » 
EPUB IOUG ce. soccer siete 838.5 » 
LES > ile ee re 924.5 » 
COT sl gee eae Pere 978.7 » 


The former part of the series, ending with the pyroxenes, has re- 
cently been briefly discussed by F. E. Wickman from kinetic view- 
points, based on the activation energy of migration of the ion, the 
E-value (4). His illuminative representation clearly indicates the de- 
cisive influence of the E-values on the mineral sequence. 
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The latter part of the series is characterized by an increasing 
centage of hydroxyl and fluorine entering the structure contempora- - 
neously with an increasing concentration of volatiles in the magmatic 
solution. ‘ 

During magmatic conditions Al combines with oxygen in four- or: 
six-coordination. When Al, thanks to its similar ion-radii, replaces Si 
in a silicate-anion, a four-coordination is favored against a six- coordi- | 
nation when, surrounded by OH. Consequently, as emphasized by 
Niggli (3), the content of volatiles in the magma has an essential in- » 
fluence on the coordinative behaviour of the Al, and may be taken: 
as mainly responsible for the accompanying structural changes from | 
single SiO,-tetrahadra-chains into double chains and sheets. The strong: - 
ly polarizing influence of the volatiles alters the dominating influence | 
of temperature on the E-values, as already perceived by Wickman, and | 
makes the application of the latter extremely complicated. 

The atomic ratio Si:Al of the first crystallized dark minerals is in-- 
finite but decreases gradually to a limit of 3.0 in the last mineral of} 
the series, the biotite. While the discontinuous series generally indicates: 
an increasing silification towards lower temperatures of formation, its: 
sequence is by no means an unbroken curve, as the replacement of | 
Si by Al will counteract it up to a point, set by the limits of isomor-- 
phic exchange. 

The degree of this structural replacement, regulated by the coordi 
native influence of the volatiles, may vary considerably in similar 
minerals from equal rocks and even within a practically homogeneous: 
rock-body. No statistical survey of such replacements has yet been 
undertaken, but a series of mineral analyses executed in connection 
with a still unpublished work of the present author seems to indicate: 
a decrease of Al— Si replacement in augites and biotites simultaneous: 
with an increase of sodium, potassium, and calcium ions, viz. ions of 
high coordination number. 

As the content of calcium decreases and that of alkalies, mainly, 
sodium, increases in the minerals of the reaction series (olivine ex-cluded), 
a very small replacement Al—Si is suggested to take place at the 
beginning and end of the series, the maximum occurring at an, inter- 
mediate point of the series. 

A feature of the series, too, is the gradual increase of the (Na, K): Al 
atomic ration from 0.0 in the olivines to a maximum of 1.0 in the bio- 
tite. Another noticable characteristic is the increasing oxidation-ratio 
Fe**: Fe’*. As pointed out by Wickman the latter is mainly due to 
a decrease of the Fe?*-content during differentiation, — the losses of 
Fe** being counteracted by successive oxidation of Fe?+. This oxida- 


ee eee 
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tion does not require any great amounts of oxygen in the melt, as 
the partial pressure of O,, necessary for the hematite-magnetite stabil- 
ity below 1 300 C°, is very low. The comparatively stable content of 
Fe** of the minerals may be responsible for the non-observation in 
the case of the above mentioned series of analyses of any definite re- 
lationship between oxidation-ratio and Al— Si replacement. 

Finally, for completeness, the well known, fact of divalent iron, be- 

ing enriched in the series in comparison to magnesium may be mention- 
ed. To Wickman’s conclusion that in a non-oxidizing environment the 
residual liquids would be iron-rich, however, a word of caution may 
.be added, as in nature such liquids do seem to occur, too, under less 
restricted conditions. For instance, the noritic gabbro at Nordingré 
(2) must have contained a fair amount of oxidizing volatiles, but, never- 
theless, its lastly crystallized interstitial liquid has mainly been, a ti- 
tanieferous magnetite. 

The continuous series are characterized by their three-dimensional 
framework of linked SiO, and AlO, tetrahedra throughout. They are 
of two kinds: the normally occurring plagioclase-series and the ex- 
ceptional alkalifelspar-series, proposed by Barth. In the following the 
first mentioned only will be discussed. 


The continuous transition from bytownite to albite is, according to 
Wickman, due to different E-values, viz. different mobility of the cal- 
cium and sodium ions, especially at high temperatures. In this series, 
too, there is a considerable change of the volume of the unit cell, con- 
sisting of a decrease of about 55 %. 

The at present available, scanty and unsatisfactory, structural data 
indicate the following volumes: labradorite 1335.1 A%, albite 601.2— 
622.0 As, orthoclase 725.5 A® and sanidine 697.5 A’. 

Although the system anorthite-albite is generally considered a per- 
fect example of isomorphous series, the X-ray data do not verify a 
corresponding gradual change of the size of the unit cell, but indi- 
cate a sudden jump in size at an intermediate point, suggesting two 
converging solid solution, series, anorthite, respectively albite being the 
solvents. 

It may be noted that the potassiumfelspar generally seems to begin 
crystallizing at a point where its unit cell volume approximately cor- 
responds to that of the simultaneously crystallizing plagioclase. There 
s a marked difference, too, in the cell-sizes of orthoclase and albite, 
which may be ascribed to the same reason as the distorsion of the 
structure (cfr Bragg, 1), viz. the smaller size of the Na ions allowing 
the tetrahedra to close in somewhat around the cavity in which the 
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9 
ions are placed. Both these remarks are of importance to the problem | 
of perthitization. ¢ 

Pure anorthite does not form in primary magmas, the closest approach | 
being the plagioclases of some olivine-bearing gabbroes and the basic: 
lavas of Miyaka, but we may, nevertheless, regard this mineral as the: 
initial member of the reaction series, Consequently, the two end members, 


Discontinuous Reaction Series Continuous Reaction Series ‘ 


Volume of | Na,K Si Si Na,K Volume of , 
{ * a = Minerals 
Minerals unit cell Al Al Al Al unit cell : 


M d 

Otwine | _ _ 0.0 co E : aa (Anorthite) : 

| (fe ‘ 
Ca-Pyroxene bs i 
head : wie: 
yeieaae rst 
Amphibole ss, 

J K-Felspar 
Biotite + a Albite 


(Muscovite) 
Quartz 


Zeolites 


Hydrothermal Minerals 


Fig. 1. 


can, be written Ca[Al,Si,0,] and Na[AIS8i,O,], indicating a structural 
replacement of 50 % of the silicon by aluminium in the tetrahedra- 
frame of the anorthite against 25 °% in the case of the albite. The ato- 
mic §i: Al-ratio, therefore, increases from 1.0 to 3.0. 

The (Na, K): Al ratio, on the other hand, increases from 1.0 to 3.0. 


The discontinuous and continuous reaction series, when, plotted to- 
gether in a diagram, fig 1, emphasize an interesting feature: the con- 
verging of the respective (Na. K): Al and Si: Al ratios towards the 
same final values: 1.0, respectively 3.0. 

This strongly suggests that up to the end of the two series, the mu- 
tual relations of alkali-aluminium-silicon ions has been one of the 
governing factors regulating the mineral sequence, notwithstanding the 
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increase of volatiles. It may be observed, however, that the identical 
structural positions occupied by Al and Si in albite (orthoclase) has 
no correspondence in biotite, where there is no similar structural 
replacement Al— Si. It seems, therefore, probable, that an application 
of Wickman’s conception of the E-values to the end members of the 
discontinuous series, too, should not be unfeasible. 

The serious complications begin at still lower temperature, where 
the concentration of the volatiles becomes excessive and the above 
stressed regularity ceases. In muscovite, for instance, the (K, N a): Al 
ratio drops to 1.5 and the Si: Al ratio to 0.33. In analcite and 
natrolite the Na: Al ratio is maintained at 1.0 but the Si: Al ratio 
drops to 2.0, respectively 1.5. 

Ergo, we may say that the (Na, K): Al and Si: Al ratios of 1.0, 
respectively 3.0, define the low-temperature limit of liquid-magmatic 
erystallization of primary basaltic magmas, beyond which limit fol- 
low the pegmatitic—pneumatolytic—hydrothermal stages. 
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ne satinliesidiiaa 


Orogene Erscheinungen im siidwestlichen Schweden. 
Von 


Nits SuNDIUS. 


Im siidwestlichen Teil von Schweden gibt es mehrere Erscheinungen,i 
die auf orogene Bewegungen hindeuten, die aber bisher in Zusammen- 
hang nicht diskutiert worden sind und grésstenteils hinsichtlich der 
zeitlichen Datierung unsicher sind. Hieher gehéren vorerst die dislozier- 
ten, Sedimentformationen in Dalsland und bei Almesakra in Smaland) 
. dazu sind aber auch gewisse durchgehende Verschiebungs- und My~ 
lonitisierungszonen zu rechnen, die teilweise den grésseren Teil des 
Landes in N—S-Richtung durchqueren. Eine von diesen ist die Dis+ 
lokationslinie, die von der Gegend des Sees Mjérn bei Alingsas der 
KAallandsé und dem Varmlandsnis entlang bis Kil bekannt ist. Wir 
wollen sie im Folgenden die Kdllandsé-Linie oder -Verschiebung nen- 
nen. Sie tritt in der Topographie durch die héhere Lage der Gesteins+ 
oberfliche westlich der Linie hervor. Bei den Frykenseen teilt sie sich 
nach Magnusson! in, zwei Aste, die ein mylonitisiertes und gegen Nor- 
den, sich erweiterndes Gebiet umfassen und bis an die Gegend des Sees 
Mjésa in Norwegen verfolgt werden kénnen, wo sie wie die Mylonite 
von Kambrosilur und Sparagmit iiberdeckt werden. Wir nennen nach 
Magnusson, diese Mylonitzone die zentralvdrmlindische Mylonitzone. 

Durch die Beschreibungen, der kombinierten, Erdlager- und Gesteins- 
karten gut bekannt ist der nérdliche Teil der Kallandsé-Verschiebung 
bis in die Gegend von Lidképing. 1919 hat Sandegren die Strecke dem 
Varmlandsniis entlang diskutiert.2 Die Bewegung wurde von ihm als 
eine Verwerfung mit bedeutender Sprunghéhe aufgefasst. H. E. Johans- 
son, hat den regionalen Charakter der Dislokationslinie zuerst erkannt 
und ihren Verlauf in einer Ubersichtskarte von 1927, die dem Geo- 
log. Verein vorgewiesen wurde, eingezeichnet. Derselbe Verfasser hatte 
auch schon, frither? im Anschluss an die Diskussion iiber die siidwest- 
schwedischen Manganerze, die an den hier aktuellen Mylonitzoner 
lokalisiert sind, die Ansicht ausgesprochen, dass die Mylonitbilduns 
genetisch mit der Faltung der Dalformation zusammenhingt. 1937 hat 


1G. F. F. 59, 1937, 205. 
2G. F. F. 41, 1919, 341. 
3§. G. U., Ser. Ca, Nr 17, S. 24, 1924. 
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Magnusson, in seiner erwihnten Arbeit die Verhiltnisse lings der Kal- 
landséverschiebung aufs neue unter Annahme einer Uberschiebung 
lings der Mylonitzone beriihrt. Selbst hatte ich auf dem Blatt Lidké. 
ping 1934—35 Gelegenheit, die Verhiiltnisse dort zu verfolgen. Die Lage 
der Uberschiebungsebene ist — der Schieferung nach zu urteilen, die 
in den dussersten Entbléssungen oberhalb des Viinersees sichtbar ist 
— relativ flach gegen Westen geneigt (20—40°). Die Uberschiebungs- 
ebene selbst scheint nirgends aufgeschlossen zu sein. Die Mylonitisie- 
rung und Zertriimmerung ist in den iiussersten Aufschliissen am Ufer 
ausserordentlich stark entwickelt. Gegen Westen, nimmt die Intensitit 
ab, doch macht sie sich noch in einem Abstand von 1 bis 2 km bemerk- 
tr. Gleichzeitig wird das Fallen der Schieferung steiler. Auch bei gros- 
erem Abstand vom Ufer trifft man isolierte, kraftig entwickelte Zer- 
rimmerungszonen. In ihrer am stiirksten beanspruchten Form er- 
cheinen die Mylonite als dichte oder feinkérnige Schiefer von, dunkler 
er hellerer Farbe, je nachdem das urspriingliche Gestein aus einem 
Tiinstein, einem grauen oder rétlichen salischeren Gneis bestand. 
ineralogisch iussert sich die Mylonitisierung in Neubildung von 
orit, Epidot und Serizit, gleichzeitig wobei etwas Kalkspat aus- 
istallisiert hat. Dazu kommt noch in einer Zone von etwa 100—200 m 
berhalb des Ufers die Ausbildung eines unregelmiissigen, Netzwerkes 
on Quarztriimmern und -adern, in denen ganz vereinzelt rotlicher 
eldspat und Hisenglanz in grober Ausbildung gesehen werden, kénnen. 
Dass es sich hier um eine Uberschiebung handelt, ist offenbar. Wenn 
an die Bewegung als Verwerfung bezeichnen will, muss die Verschie- 
mgsebene sehr flach liegen. Am ehesten kénnen wir von einer Schol- 
eniiberschiebung sprechen. Uber die Tragweite der Bewegung kann 
ichts niheres ausgesagt werden. Der schon von Sandegren von der 
egend noérdlich des Vanersees erwihnte schroffe Gegensatz der geo- 
gischen und tektonischen Verhiltnisse beiderseits der Uberschie- 
ungslinie hat sich auch auf Blatt Lidképing bewahrt und deutet an, 
lass es sich nicht um einen ganz unwesentlichen Verschiebungsverlauf 
andeln diirfte, wenn wir auch H. E. Johansson darin beistimmen 
lissen, dass das Vorhandensein zweier verschiedenartig gebauter 
ebiete zur Lokalisierung der Verschiebungsfliche zum Grenzgebiet 
eider beigetragen hat. 
Uber die Verhiltnisse siidlich von Lidképing sind wir noch wenig 


1 Die Verschiedenheit des Gesteinsgrundes zu beiden Seiten der Uberschiebungslinie 
itt auch in der Karte von G. Ljungdahl von 1922 iiber die magnetische Deklination 
nter den Anomalien bei Vanern hervor. So ist die magnetische Abweichung éstlich von 
er Linie fast ausschliesslich gegen Westen, westlich davon gegen Osten gerichtet. oe 
atsache wurde schon von P. Geijer in Zusammenhang mit der Dislokation gebracht 
ungl. Sjokarteverket, jordmagnetiska publikationer, Nr 2, 1922). 
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unterrichtet. Ebenso sind die Umstiinde beziiglich der zentralvarm 
lindischen, Mylonitzone unklar. Es mag richtig sein, wie ie 
behauptet, dass die beiden Seitenebenen des Mylonitgebietes einen 
gegen unten, zugespitzten Keil bilden; wie aber die Tektonik und das 
Geschehnis im Ubrigen zu deuten ist, bleibt noch ungewiss. Aus dex 
Darstellung Magnussons scheint hervorzugehen, dass er die Mylonitzone 
als einen, gegen unten herabgesunkenen, Block auffast. Die Erklarung 
der Mylonitisierung und des Mechanismus der Blockbewegung biete 
doch unter der gegebenen, Voraussetzung einer gegen unten gerichteter: 
Auskeilung des Blockes Schwierigkeiten. ‘ 
Eine zweite Dislokationszone, die seit alters her die Aufmerksamkei: 
auf sich gezogen hat, ist die Grenze zwischen dem westlichen und Ost: 
lichen Schweden. Geologisch-stratigraphisch bedeutet diese Linie einer 
Unterschied zwischen einem ziemlich homogen aus Gneisgraniten auf 
gebauten Komplex im Westen und einem bunteren aus Gneisgraniten 
jiingeren Graniten und Leptiten aufgebauten Gebiet im Osten. Dieser 
Unterschied auf das Konto einer im westlichen Schweden stattgefuni 
denen spitarchiischen Metamorphose zu fihren, ist meiner Meinuns 
nach nicht richtig. Perséhnlich bin ich eher der Ansicht, dass das west: 
liche Gebiet als eine zur Zeit der archaischen Faltung der Leptite une 
Urgranite entstandene Kulmination zu verstehen ist, in der das Gneis 
granitmagma regional relativ hoch aufgewolbt worden, ist. Auf dies: 
Frage hoffe ich bei spiterer Gelegenheit zuriickkommen zu konner 
Es ist fraglich, ob wir lings dieser Grenze eine einheitliche Verwer 
fungszone haben. In der oben erwahnten Karte von H. E. Johansso: 
und der iibersichtlichen Skizze von Magnusson ist eine Verwerfung der 
Fluss Klaralven, entlang oder in dessen Nihe bis zum Vanern eingé 
zeichnet worden, obwohl der Verlauf der Linie auf beiden Karten etwa 
verschieden ist. Die auf Fig. 1 wiedergegebene Linie ist nach H. 
Johansson gezogen. Weiter siidlich wird in den Kartenblattern da 
Auftreten, von, zahlreichen kleineren Mylonit- und Verschieferungszone 
erwihnt innerhalb eines breiteren Giirtels bei Toreboda-Karlsborg un 
lings der dstlichen Seite des Viattersees, ferner bei der Stidspitze diese 
Sees und gegen SSO auf dem Blatt Nydala. Weiter gegen Siiden sim 
die Verhiltnisse wenig bekannt. Die Deformation des Gesteinsgrunde 
verteilt sich lings dieser Strecke teilweise auf breitere Giirtel mit eine 
Mehrzahl von, kleineren Mylonitzonen. Den allerdings wenigen Angabe 
der Literatur nach zu urteilen, waren, die Bewegungsebenen der Myke 
nitzonen mittelflach bis steiler (50—70°) gegen Westen geneigt. Di 
Mylonitzonen zerschneiden sowohl Granite als Gneise. 
Uber die Verschiebungsbetrige lings der Mylonitflichen ist nicht 
niheres bekannt. Die Erscheinung der Zermalmung und der Mylonr 
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ebenen, zeigt aber an und fiir sich, dass eine Bewegung stattgefunden 
haben, muss. 

Eine dritte Verschieferungszone, die in, diesem Zusammenhang zu 
erwahnen, ist, stellt die von W. Larsson! beschriebene Svinesund- 
Kosterfjord-Uberschiebung dar, die bei der oberen (westlichen) Grenze 
des Bohusgranites liegt. Das Fallen ist im nérdlichen, Teil 20—55° und 
im siidlichen 38—70° gegen Norden und Westen geneigt. 

Magnusson, erwihnt vom Blatt Siffle eine kleinere Mylonitzone, die 
auf der Ubersichtskarte, Fig. 1 eingezeichnet ist. Allerdings soll hier 
das Fallen gegen Osten gerichtet sein. Vielleicht gibt es auch andere 
ahniiche Verschiebungsebenen, z. B. in der Gegend von der Dalforma- 
tion, in Bohusliin und im siidlichen Vistergitland (Gota alv u. a.). 
Die Aufmerksamkeit der Geologen ist bisher wenig auf die Erscheinung 
gerichtet gewesen. 

Uber das Alter der angefiihrten Dislokationen legen vereinzelte 
Annahmen vor. Im Anschluss an seine Auffassung der ostschwedischen 
Spaltenbildungen als subjotnisch-jotnisch hat Asklund? die Meinung 
ausgesprochen, dass die erwihnten Stérungszonen, im westlichen Schwe- 
den in postjotnischer Zeit gebildet oder aufs neue aufgerissen worden 
sind. Auch H. Martin® ist geneigt, der Protoginverschieferung beim 
stidlichen Teil des Vattern dasselbe Alter zuzuschreiben. 

Wenn, wir vorerst die gegenseitigen Verhiltnisse der drei Haupt- 
zonen in Betracht nehmen, fallt uns auf, dass sie simtlich einen gleich- 
artig von, Westen her kommenden regional verteilten, Druck voraus- 
setzen, was fiir Zusammengehdérigkeit innerhalb ein und derselben Pe- 
lode spricht. Dasselbe geht ferner von der Anordnung hervor. Im 
Grossen bilden die zwei éstlichen Hauptzonen, einen gegen Osten kon- 
rexen Bogen, hinter dessen zentralem hervorgeschobenem Teil die Dal- 
ormation liegt, von der wir wissen, dass eine stark dislozierende Hin- 
irkung stattgefunden hat. In demselben, am stirksten beanspruchten 
gment des Bogens finden wir weiter westlich den Bohusgranit mit 
er Verschiebungszone in seinem oberen, Teil. Simtliche Erscheinungen 
eigen eine Anpassung aneinander, die ohne zeitliche Zusammengeho- 
igkeit schwer verstindlich wire. 
Nach Magnusson werden die zentralvirmlindischen Mylonite von 
ambro-Silur und Sparagmit iiberlagert. Sie sind darum algonkisch 
ler alter. Dasselbe kann wohl auch fiir die Fortsetzung der Kallands6- 
Uberschiebung behauptet werden. Nach A. Gavelin' ist der westliche 
eil der Almesakraformation von demselben Dislokationsvorgang mit- 
"is. G U Ser. ©, Nr 411, 1938. 

* Ramsay II Fennoskandias geologi, 8. 369. 


SN. J., B. B., 82, 1939, S. 36. 
mas. G. U., Ser. “C, Nr 241, S. 35, 1912. 
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Fig. 1. 


ecitton worden, der in der Gegend um den siidlichen Vattersee hort 
und siidéstlich davon die Protoginvergneisung hervorgerufen hat. Di 
Altersbestimmungen- der Bewegungen, die vorliufig méglich sind, deu 
ten darum auf ein Alter, das zu nach- oder spait-Almesakra und -Dal 
formation hinzufiihren ist. 

Die Diskussion der erwihnten Dislozierungs- und Kataklasersclil 
nungen fiihrt somit zu der Frage nach dem Alter und den Faltung: 


aoe 
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vorgaingen der Dalsland- und Almesakraformationen. Von diesen, diirfte 
letztere wohl allgemein als jotnisch aufgefasst worden, sein, was wohl 
mit der iiberwiegend grobklastischen Beschaffenheit der Sedimente 
und deren besonders im éstlichen Teil wenig oder itberhaupt nicht ge- 
storten Lage im Zusammenhang steht. Die Formation hat bekanntlich 
frither eine wesentlich gréssere Verbreitung gehabt, was aus dem Vor- 
kommen eines hiehergehérenden Sandsteinganges in, der Gegend von 
Grenna' und von den von Eichstedt? und Hedstrém? beschriebenen, Dia- 
baskonglomeraten, hervorgeht, die auf der Karte Fig. 1 eingezeichnet 
sind.* Aus den vorliegenden, leider noch ungeniigenden Mitteilungen 
itber die Tektonik dieses Sedimentkomplexes scheint jedenfalls hervor- 
zugehen, dass die Bewegungen in einem friihen Stadium begonnen, ha- 
ben, ehe die Ablagerung der Sedimente abgeschlossen war. Nach den 
Beobachtungen von 8. Gavelin® zu urteilen sind sie auch nicht ganz 
schwach gewesen, da sie Uberschiebungserscheinungen hervorgerufen 
haben. Nach Martin ist die Faltung unter Voraussetzung eines von 
Westen her kommenden Druckes verstiindlich. | 

Auch der Dalformation mit ihrer auf etwa 2,000 m geschitzten 
Machtigkeit der Lager muss ein ehemaliges grésseres Verbreitungsgebiet 
geschrieben werden. Die Formation kénnte als eine Geosynklinal- 
ablagerung aufgefasst werden, wozu jedoch zu bemerken ist, dass diese 
jedenfalls ziemlich begrenzt und von embryonaler Art gewesen sein, 
uss. Das Sedimentmaterial ist auch, wie Hausen® betont, iitberwiegend 
icht besonders feinkérnig und zum grésseren Teil von klastischer Art. 
Uber das Alter der Ablagerungszeit bestehen geteilte Meinungen.? Wenn, 
ir von einem Vergleich mit den Sparagmiten absehen, ware an, eine 
leichstellung der Formation mit dem Jatul in Finland und im nord- 
ichen Schweden oder mit den, jotnischen Ablagerungen, zu denken. Was 
lr die erstere Annahme angefiihrt werden kann, ist die Faltung beider 
rwaihnten Formationen, wihrenddem das Jotnium grésstenteils unge- 
t6rt geblieben ist. Ferner sind die Ablagerungen des letzteren haupt- 
achlich grobklastisch, wahrend die Dalformation, sich lithologisch dem 
atul mehr nahert. Aber auch dieser Vergleich ist, wie wir oben sahen, 
Hausen) nicht ohne Reservation geblieben. Die Frage ist also offen. 
klund hat in der letzten Auflage (1927) von Nordisk Familjebok die 


A. Gavelin, op. cit., S. 7. 
G. F. F., 7, 1884—45, S. ee oe 
. G. U., Ser. Aa, Nr 129, 1917, S. 37. < t 
Se oliete Vorkommen von Diabaskonglomerat am Siidende des Immeln-Sees 
nordéstlichen Schonen fallt ausserhalb der Karte. 
mec. I. F., 53, 1931, S. 137. 
® Extrait des Comptes Rend. Soc. geol. Finl., Nr 4, 1931, 8. 23. F 
? Vergl. E. Ljungner Bull. Geol. Inst., Upsala, XXI, 1927—20, 8. 30. 
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Formation, als jotnisch bezeichnet. Wenn wir die Formation und ih 
Faltung als jatulisch ansehen, dann miissten, wir zwei orogenetise 
Perioden, im vorliegenden Gebiet annehmen, deren Auswirkungen, si 
an einander genau angepasst hiitten. Dies ist infolge der streng s 
parellelen, Anordnung der Phanomene nicht wahrscheinlich. Ich halte, 
darum ein jotnisches Alter fiir wahrscheinlicher. Die Dalformation ware’ 
dann eine michtigere und geosynklinalartige Entwicklung der jotni-+ 
schen, Sedimentbildung, die sich in dem spiiter am starksten mechaniseb! 
beanspruchten Gebiet des Landes abgespielt hat, wihrend die iibrige: 
weit verbreitete, aber zu lokalen Abschnitten begrenzte Ablagerung 
jotnischer Sedimente grésstenteils terrigenen und grobklastischen Cha+ 
rakter besass. Wenn diese Ansicht richtig ist, wiirde die dislozierte 
Dalformation der Zusammenpressung der allerdings schwach ent 
wickelten Geosynklinale entsprechen und die orogenen Ereignisse der 
dstlicheren Uberschiebungs- und Mylonitisierungserscheinungen sowie 
“die schwichere Faltung der Almesikraformation Vorlands-Dislokatio: 
nen darstellen. Ebenso stellt die Svinesund-Koster-Verschieferungszone 
einen ahnlichen Zug im Hinterland dar. 
Auch die Tektonik der Dalformation ist noch zu wenig erforscht. Au: 
den Angaben von A. G. Hégbom und besonders aus der kurzen Dis: 
kussion von Hausen! geht zwar hervor, dass der bescheidene Bau det 
Térnebohm’schen Darstellung den Tatsachen nicht entspricht. im 
Gegenteil kann mit starker Verschuppungs- und Uberschiebungstatig 
keit gerechnet werden. Nach Hausen wiire diese unter Annahme eine 
von Westen und Siidwesten kommenden Druckes verstindlich. Die ir 
hinteren (westlichen) Teil der Kette vorkommenden flachen und gege: 
Westen, gerichteten Uberschiebungen (Bicke) sind seiner Meinung nat 
als Riickfaltungen im spiteren Stadium der Faltung aufzufassen. 
_Die Deformationsperiode, wihrend der die beschriebenen Faltungs: 
Uberschiebungs- und Mylonitisierungserscheinungen sich abgespielt he 
ben, wiire also, wie es von Asklund behauptet wurde, am wahrscheir 
lichsten auf spat- und post-jotnische Zeit zu verlegen. Ob dasselbe auc 
fiir die Svinesund-Koster-Verschieferungszone streng gilt, oder ob W: 
hier moéglicherweise mit einem friiheren (subjotnischen?) Beginn dé 
Druckeinwirkung zu tun haben, mag unentschieden bleiben. 


Op. cit, 
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Aktuella data angiende fyndigheter och produktion av mineral. 


1. Jdrnmalmsbrytningen i U.S. A. 
Jirnmalmsbrytningen i U. 8. A. utgjorde: 


a a Ee A a 52,600,000 t 
PM ik SSR, oer: 74,900,000 + 
: eS ae eres re 93,900,000 t 
: ET ee re eee ee 108,700,000 ¢ 


Jarnmalmsproduktionen har sailedes under andra virldskriget fran 1939 
1 1942 mer an férdubblats och 1942 natt den hittills hégsta siffran. 
Totalvirdet av 1942 ars produktion var 280,400,000 $ och Fe-medelhalten 
igot éver 50 %. 

Produktionen férdelade sig 1942 pa féljande distrikt: 


INEM oa Ty 1g Set csc in ER Fi rie jus wks oo 93,600,000 


meraostra magnetitdistriktet ................. cece ee eee 4,000,000 t 
leans SE RE oa Race a ee 9,600,000 t 
Ovriga distrikt (huvudsakligen Klippiga Bergen) ......... 1,500,000 t 


| 108,700,000 t 
(Gliickauf 79, H 49/50 Essen "/,, 1943 s. 566.) 


x Jdrnmalmsbrytningen «1 Sovjetunionen. 
Den sista uppgiften fér Sovjetunionens jaérnmalmsbrytning féreligger for 


1938, di den uppgick till 26,530,000 t. 
(Gliickauf 79, H 49/50 Essen ™/,, 1943 s. 567.) 


. Nya jérnmalmsfyndigheter 1 Manchukuo. 


Manchukuos jirnmalmsproduktion uppskattas fér 1941 till 3'/,—4 milho- 
ner ton. 

En ny jirnmalmsfyndighet ligger vid Dalitsugon niira den koreanska 
grinsen. Malmtillgangarna uppskattas till 78,000,000 t med en medelhalt 
av 63 % Fe. Brytningen bérjade 1938. : : 

En annan ny fyndighet vid Tszidaogon uppskattas innehalla 10,000,000 t 
med en medelhalt avy 52 % Fe. Exploatering av denna fyndighet bérjades 
1939. 

(The Mining Journal, London *°/; 1943 s. 268.) 


4. Spaniens jéirnmalms- och svavelkisproduktion. 


For 1941 och 1942 foreligga fdljande uppgifter om Spaniens jarnmalms- 
och svavelkisproduktion: 


jarnmalm svavelkis 
Be SARE le See a 1,640,687 t 494.096 t 
(ho teedtho éenoid Bis Efe eG cna ane ae cera a 1,670 370 t 463 533 t 


' (Gliickauf 79, H 18/19 Essen °/, 1943 s. 265.) 
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5. Varldens svavelproduktion. 

Virldens totala svavelproduktion var 1942 8,400,000 t. Hirav utgjorde: 
4,400,000 t rasvavel och 4,000,000 t svavel i 9,100,000 t svavelkis. U. 8. Ay 
producerade i runt tal */, av virldens rasvavel. Nast stérsta producent var | 
Italien. Aren fére andra virldskriget utgjorde Italiens rasvavelproduktion | 
i medeltal per ar 380,000 t. 

(Gliickauf 79, H 49/50 Essen “/,, 1943 s. 567.) 

‘ 
6. Egyptens manganmalmsproduktion. 

Egyptens manganmalmsproduktion var fére andra varldskriget ganska 
betydande. Arsproduktionen nadde 1937 186,320 t. Under kriget har den| 
gatt ned hdgst avsevart och utgjorde 1942 endast 9,000 t. Huvuddelen: 
av produktionen har en medelhalt av 35 % MnO,, men under sista tiden! 
har aven betydligt rikare malm brutits. Den stérsta manganférekomsten) 
ligger vid Um Bogma pa Sinaihalvén. En annan viktig férekomst finnes vid 
Ras Golaam i Sydostéknen naira Réda havets kust. 

(The Mining Journal, London **/; 1943 s. 265.) 


7. Canadas nickelproduktion. 

Canadas nickelproduktion lar under 1942 ha varit mindre an under de 
sista férkrigséren, nimligen 103,000 t gentemot 112,000 t ar 1937, 106,000 t 
ar 1938 och 113,000 t ar 1939. 

Nya nickelmalmsfirekomster lira under sista tiden ha upptickts i 
Labrador. 

(Zeitschr. f. prakt. Geol. 51. H. 10 Halle-Saale oktober 1943, Lagerst.-Chr. 
s. 118.) 


8. Bolivias gruvproduktion. 
Fér aren 1940—1942 foreligga foljande uppgifter for Bolivias gruvproduk-+ 


tion: 1940 1941 1942 
AY Coleen chante Since s Sere eee fe 10,000 t 
Cid MEA ete oie coe ee 366 kg 

SEGRE ae Pe aes ce, sci 175,000 kg 229,000 kg 

PCODDAC AR nE tas RES cinis «Seals Sis 6,660 t 7,274 t 

AMEN AIG) a8 Sm ec nc 0 Ren ree 37,923 t 42,740 t 38,200 t 
Pie 3 Se Bk oS Ee 12,205 t 6,065 t 

A ATE 9 RAR OS an mn ae eee 10,933 t 15,653 t 

Te eee ee 10,813 t 14,870 t 

AAU 6 50 ais 0 eee ete eee ce 1985 List 

LES{OVCYOIKN  yascs 2a) Cee ae EER, hs Pr AF 

AVioleraymia mi alate 1 > ic. ant ss ar aaron a ated 4,183 t 2,613 t 

INS AGEEGR “1-6 Si Ree One orc here ee 10% 210 t 

(Gulia sere 1. s.sccbae win 6 eta ie ee Ti Ge 


(Gliickauf 79, H 47/48 Hssen °7/,, 1943 s. 545.) 


9. Mineralfyndigheter 1 Honduras. 

Honduras har en icke obetydlig guld- och silverproduktion, som huvud- 
sakligen harstammar fran kvartsgangar i andesit. Den viktigaste gruvan &r 
Rosariogruvan vid San Juancito ca 20 engelska mil norr om Tegucigalpa. 
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1941 var produktionen ca 710 kg guld och 108,500 kg silver. Virdet av 
Jenna produktion utgjorde 80 % av totalviirdet av Honduras mineralpro- 
duktion. Andra mineralfyndigheter av stérre betydelse fro tva antimon- 
forekomster i Copan-Distriktet och en nyligen upptiickt enligt uppgift stor 
och rik manganmalmsférekomst niira pacifichamnen San Lorenzo. Vidare 
planerades utvinning av kvicksilver fran en cinnoberférekomst vid Talanga 
ca 30 engelska mil fran Tegucigalpa. 
(The Mining Journal *°/; 1943 s. 268.) 


10. Sydafrikas mineralproduktion. 


Sista uppgifterna om Sydafrikanska Unionens mineralproduktion fére- 
igga for 1939 och ha féljande utseende: 
| Warde i % av total- WViardet av totalpro- 


| t roduktionens duktionen i 1,000 
1,000 $n arde (1880-1939) 
Ae 16,501,000 4,824 7 120,645 
rs oes 399 54,462 83 1,756,603 
MNP oe ee 2.7 302 0.5 
atinametaller ..... 0.2 36 0 
SS eee 36.7 109 0.2 
Meppar ........... 10,998 537 0.8 30,860 
| Se rare 482 93 Ot 7,632 
fernmalm ......... 490,136 120 0.2 
nganmalm ...... 419,697 491 0.8 
mimalm ........ 160,014 348 0.5 
ER ae 29,825 37 0.1 
ee 59 2 0 
ET 972 4 0 
MDs as cee es 19,988 523 0.8 
Meerenit .......... 4,000 9 0 
ee RIO 500 3 O 
BD ane Sc cc 5 22,380 18 0 
Diamant (karat).... 1,249,000 2,604 4 330,376 
BN sin bon oes vi — 4 0 
Ui a ae — 1,501 2 
Totalt — 66,027 100.00 


(Gliickauf 79, H 14/15, Essen 1/, 1943 s. 223.) 


1. Véirldens diamantproduktion. 


Fér aren 1940—1942 foreligga féljande uppgifter om varldens diamant- 
roduktion i 1,000 karat: 1940 1941 1949 


lei 6,018 
MR CUES cee eee eee tees 9,602 5,866 ‘ 
MMIRCHEVSSCAITIKA . ojo. ccc ae es cc ener e ns eth 1,850 i 
I> och Sydvastafrika .............-.--+-- — 

Mumien och Angola .,..............00+-+- 1,100 1,000 ‘1,100 
rasilien och Angola ............ ae ae 


Dvriga produktionsomraden ............+++: 160 
13,013 9,105 9,254 


(Z. f. prakt. Geol. 51, H 11, Halle-Saale Nov 1943, Lagerst.-Chr. s. 132.) 
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12. Vdrldens beryllproduktion. 


till 1940 niira sexdubblats. Efter 1940 har produktionen fortsatt att stig 
1935 1936 1937 19388 1939 1940" 


Ppem MAM fae Oats aes il os 208 331 287 830 329 
PATI ECA LESTON true stavci aye ls! peas rnts — —- = = 7 
SSRIS CRISIS, Gris a) «hecho ee — 4 — 223 304 
MSMR Nid scew anes Syd att ieey gatas - 20 20 10 177 
Britiiska diem vostos) «a. > 139 98 27 17 9 
NIGCASR RAR 3). x ecisithn +40 11 11 2 2 — 
POROUS. 9. c-cd ese temo g testes 2 2 24. = — 
PAVED, hue eth og mere uo 88 5 — — — 
MFO stab rch as Retche, dete avs —- — 75 25 94 


ba ae 
Total: 448 471 435 1,107 920 2,318 

(Z. £. prakt. Geol. 51, H 11, Halle-Saale Nov 1943, Lagerst.-Chr. s. 130.), 
$ 


13. Canadas oljeproduktion. 4 

Canadas oljeproduktion har under de senaste aren ékat avsevart, 80) 
fdljande siffror visa: 

Oljeproduktionen i 1,000 t. : 
PE ass cai ch ins ingd 29 PUOU) Com teemn ack - 192 1940.5 2.0 1,14& 
SAME rile adyie 147 1 ey ea bot oe A 1941 | ane 1,298 
) 1S) Se eee 181 OS e vee ers sos. 893 1942 .....7°. ee 
ee 15 e198 Fs sw 1,005 


(Glickauf 79, H. 47/48 Essen °7/,;, 1943 s. 545.) 


14. Oljeprospektering 1 Sydafrika. 

I Sydafrika pigd sedan nagra dr tillbaka omfattande oljeprospekterings: 
arbeten i statlig regi. Efter de geologiska och geofysiska undersékningarné 
planerar sydafrikanska regeringen djupborrningar, bl. a. 1 den del av Karroo 
bickenets sédra randomrade som tillhér Kapbergens veckningsomrade oe 
vid Kestel nara Harrismith vid Drakensbergens utlépare (NO-delen a 
Oranjefristaten). 

(Oel und Kohle 39, H. 33/34 Berlin 15/,, 1943 s. 969.) 


15. Uppskattning av oljereserver. 


I U.S. A. har nyligen féljande uppskattning av vissa landers oljereserve 
gjorts: 


millioner ton — 


Se A soon es ae oct kee 2 oe eae 2,850 . 
Persiske svikkén.jcsepeei ee ate soe ee ee eer ee 2,300 

BO VISbUMIONCN ..\. seeee ee oe sR a ae ee 1,210 
Wenezuele, 2. cele Ree Ree Sine ine een aae 780 
TORRE, sours cole A epeR NES etree Sree ee eect Orel eee ee eee TAR 100 
Colombia) csccent see cers eater ee ee eo ee 12 i 
AR UNN(0 0 Rowe RIAN, SiR REE eS 5. Acie ot Ory ba Dee OBIE 34 | 
POtUNt ee atc a cs MEANS Sie ee eee. © eae 23 
CGanitidangt oie 3. 3 Bile Si ee eee oe eee 18 
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millioner ton 
ee ia GTC OE DONOR ss sik is Paks Wows Hew 4S cee cee es 22 
RIE TMT LP) S568 sit see wiktols ETN WIS syle XW Amie Kars 11 
Totalt 7,500 
Axelmakternas oljereserver saknas i ovanstaende lista. Trots detta air olje- 
reservernas totalsumma fdr de i listan upptagna linderna nastan dubbelt 
$a stor som en uppskattning av hela viirldens oljereserver gjord fér ca 10 ar 
sedan aAvenledes av amerikanarna. 
(Z. f. prakt. Geol. 51, H 11, Halle-Saale, Nov. 1943, Lagerst.-Chr. s. 134.) 


Otto Mever. 


De sedimentira jirnmalmerna vid Kertj pa Krim. 


Kuropeiska Rysslands tva stérsta jirnmalmsfalt, av vilka det ena ar be- 
laget vid Krivo} Rog och det andra pa Kertj-halvén, aro av dominerande 
betydelse for den ryska jirnmalmsforsérjningen. Bada aro vilbekanta fran 
ktigsrapporterna och nir tyskarna hésten 1941 erdvrade dem bigge betydde 
detta ett allvarligt bakslag fér ryssarna, vilka hiirigenom huvudsakligen voro 
hinvisade till fyndigheter i Ural. Att déma ay en nyligen utkommen uppsats 
av H. Putzer om fyndigheterna vid Kertj (H. Putzer: Die oolithischen Braun- 
eisenerzlagerstiitten der Kertsch-Halbinsel. Zeitschrift fiir angewandte 
Mineralogie, Bd. 4, Heft 4, 1943), ha tyskarna utnyttjat tiden fér geologiska 
studier inom dessa intressanta omraden. Uppsatsen ifraga grundar sig emeller- 
fid i mycket stor utstriickning pa tidigare ryska arbeten. 
~Malmerna vid Kertj besta av limonit-ooliter och torde nirmast vara jiém- 
férbara med minette-malmerna i Lothringen. Stratigrafiskt skilja de sig 
emellertid At, di dessa senare tillhéra mellersta jura (dogger), under det att 
Kertj-malmerna iro tertiara (pliocen). Avvikande ar vidare kornstorleken hos 
oliterna, vilken hos minetterna i genomsnitt ar 1/, mm, hos Kertj-malmerna 
dr denna diremot mycket vaxlande, fran sidana ej stérre an ett knappnals- 
huvud till »jatteoolitery med en diameter av 20—30 mm. Bindemedlet utgores 
av lerigt-sandigt material, stundom med gipskristaller, som vid hég fuktighet 
ger massan en plastisk konsistens, men vid torkning smulas det hela sonder 
fill grus varvid likheten med sjé- och myrmalmer blir pafallande. 
Malmerna upptrida lagerformigt i smala, slutna skalar eller backen med 
kalkiga marina sediment i botten och dverlagrade av sandiga lerskikt till- 
hérande évre pliocen. Ett sadant bicken med O—YV strykning upptar hela 
norra kustzonen mot Asovska sjén, under det att ett antal mindre sidana 
med SV—NO strykning forekomma lings Kertj-sundet. De malmférande 
skikten antriffas som 6vervigande horisontellt liggande lager pa djup, som 
hégst uppgar till 80—100 m. Maktigheten hos desamma varierar fran 1—20 
m och emellanat kunna de helt utkila. e n 
Betraffande malmbildningens férlopp tinker sig forf. denna pa ungefar 
féljande siitt. Vid en orogenes i sentertiar tid anlades den synklinal med Ov 
till NO—SV strykning, till vilken de omtalade biicken-bildningarna aro 
iokaliserade. Dessa senare voro till en bérjan marina, men genom sdtvattens- 
tillfléde antogo de si smaningom karaktiiren av laguner. De omgivande 
héjderna besta av littvittrade bergarter, huvudsakligen leror innehallande 
rikligt med siderit-bollar. Genom det rinnande vattnets férsorg transporte- 
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rades den sideritférande leran i stora massor ner i lagunerna, varest leran, 
sedimenterade och sideriten helt eller delvis uppléstes, varefter jarnet, genom/ 
inverkan av organismer, dverférdes till limonit. Bildningen av de stérre: 
oolitkornen figde rum genom mekanisk palagring, i det att smirre korn ay, 
vagorna i de grunda lagunerna rullades mot botten, varvid koncentriska skal 
av limonit nybildades. : 

Jarninnehillet i dessa malmer vixlar mellan 20—50 % men den genom- 
snittliga halten ir 36 °% Fe. Malmer hallande mindre iin 32 % Fe anses ej 
brytvirda. I regel aro de manganhaltiga och kunna enligt somliga uppgifter: 
halla ainda upp till 11% Mn. Fosforhalten angives 0.7—1.2% P, vartall 
kommer en jimn fordelning av 0.03—0.04 % V. En egendomlighet for dessa 
malmer iir en anmirkningsvard halt av arsenik, 0.05—0.08 % As. 

Brytningen sker i dagbrott och fore kriget var arsproduktionen c:a 1,000,000 
ton malm. Tillgangarna aro enorma. Enligt uppgift fran Geologiska Institutet 
pa Krim skulle dessa uppga till 1.5 miljarder ton malm. Anmirkas bér, att 
eftersom malmerna iro helt lokaliserade till de namnda bicken-bildningarna 
och ej forekomma utanfér desamma, aro nagra malmreserver, forutom dei 
kanda tillgangarna, ej att rakna med. 

E. Yqberg. 


De kaukasiska manganmalmernas ursprung. 


I hafte 1 av Zeitschr. f. prakt. Geologie for 1944 framligger G. Berg nagrai 
intressanta synpunkter pa de kaukasiska manganmalmernas ursprung och 
uppkomst, grundade pa nyare litteratur rérande en del turkiska och bul- 
gariska manganfyndigheter. 

Vid tidigare forsék att tolka de vildiga sedimentéra mangankoncentra- 
tionerna vid Tschiaturi och Nikopol har man utgatt ifran att manganen: 
vid férvittringen utlésts ur den kristallina berggrunden och sedermera ut- 
fallts ur de kolloidala lésningarna, da dessa sammantriffade med saltvattnet 
i det tertiiira hav, i vilket malmerna avsatts. En av svarigheterna, som: 
motte detta tolkningssiitt, var avsaknaden ay jarnmalmer i samband med 
manganmalmerna trots att samtidigt med utlésningen av manganen Aven: 
en flerfaldigt stérre maingd jirn bringas i lésning. Nar lésningarna samman- 
triffa med det salta havsvattnet utfilles forst manganen och direfter jarnet. 

_Undersékningar i Mindre Asien och Bulgarien visa nu, att i ost-vistlig 
riktning utmed Svarta Havets kust samt in i Bulgarien stracker sig ett 
1 800 km langt och 100—200 km brett balte, som ar jamforelsevis rikt pa 
visserligen sma men dock delvis brytvirda manganfyndigheter. Man ut- 
skiljer har trenne malmprovinser: tvenne av alpin alder och en av herey- 
nisk alder. De flesta av de némnda fyndigheterna aro nara knutna till ande- 
sitiska lavor och tuffer och anses bildade genom submarina exhalationer 
i samband med vulkanismen. 

Berg framhaller nu, att dessa rena manganmalmer med sin magmato- 
gent koncentrerade manganhalt mycket val kunna ha utgjort ursprungs- 
kallan for de sedimentogena malmerna vid Tschiaturi och Nikopol. Fyndig- 
heterna ha vittrat och manganen har gatt i lésning, varefter forvittrings- 
lésningarna ha forts ut i lagunomraden i det tertiiira havet kring de nuva- 
rande N och O kusterna av Svarta Havet och dar utfallt sitt innehall ay 
mangan i form av oolitiska manganoxider. 0. H.6 
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Anmiilanden och kritiker. 


H. Hausen: Den sulfidiska mineraliseringen (de svavlade mal- 
merna) i Finlands urberg. — Societas Scientiarum Fennica, 

Arsbok — Vuosikirja XXII B n:o 1. Helsingfors 1943. 
_ Lett féredrag infér Finska Vetenskapssocieteten den 17 maj 1943 limnade 
rof. H. Hausen en redogérelse fér den sulfidiska mineraliseringen i Fin- 
ands urberg. Meddelandet innehdll en dversiktlig framstillning av Finlands 
sulfidmalmer och deras betydelse for landets férsérjning med metalliska ra- 
yvaror av stort allmint intresse. Da foredraget numera féreligger i tryck 
men i en relativt svaratkomlig publikation, har det synts motiverat att har 
imna ett kortfattat referat betriffande de viktigaste delarna av innehallet. 

Inledningsvis berér férf. nagra principiella fragor rérande sulfidmineralens 
érdelning 1 jordskorpan samt deras bildningsbetingelser. Med speciell han- 
syn till finska forhallanden utskiljer han forst de magmatiska mal- 
merna, vilka betraktas som anslutna till ultrabasiska differentiat och har- 
stammande ur en kiselsyrefattig magma av 1 huvudsak gabbroid samman- 
sittning. Den frimsta representanten for denna typ ar den 1921 upptackta 
nickel-magnetkis-kopparkismalmen pa nordsidan av Petsamofjallen, den s. k. 
Kolosjokifyndigheten. Den beraknade malmkvantiteten har anses sannolikt 
bverstiga 5 200 000 ton. Malmen haller i genomsnitt 1.7 % Ni, och 1.3 % Cu 
Lokalt kan emellertid vasentligt hégre Ni-halter patriffas sisom i den s. k. 
Kaulatunturifyndigheten (ca 6 % Ni). En monografisk beskrivning av hela 
omradets berggrund och malmer har limnats av H. Vayrynen. Enligt denne 
can malmen betraktas som en genom rérelser i berggrunden ur magman 
itpressad sulfidlésning, vilken stelnat impregnationsartat i en rivningszon 
av betydande lingd. Stérre malmkoncentrationer ha endast agt rum pa 
hagra fa stillen. Malmen ii i regel finkornig och bestar av magnetkis med 
bentlandit, kopparkis samt nagot magnetit. 

En malm av snarlik typ, fast av betydligt mindre dimensioner, har ny- 
gen patriffats vid Makola i Nivala socken i Osterbotten. Malmkvantiteten 
ippskattas har till 1 000 000 ton med en medelhalt av 1.5. % Ni och 0.5 % 

n. Malmbringare ar en ultrabasisk magma av nirmast peridotitisk samman- 
attning. 

Ar 1913 uppticktes vid Outokumpu i Kuusjirvi Finlands stérsta Jks- 
‘yndighet. Denna ca 20000000 ton omfattande malmmassa har en arlig 
produktion, som f. n. uppgar till 600 000 ton malm och har samtidigt givit 
apphov till en vittutgrenad foradlingsindustri. Malmmineralen aro svavel- 
kis, magnetkis, kopparkis och nagot zinkblande. Halterna aro 1 genomsnitt 
mB % 8, 4 % Cu, 1 % Zn jaimte nagot nickel och kobolt. Adelmetaller fore- 
comma sparsamt men senast redovisade Arsproduktion kunde uppvisa 200 


cg guild och 2000 kg silver. 
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Nagon allsidig malmgeologisk beskrivning av Outokumpufyndigheten 
ainnu ej kommit till stand men dess sannolika genesis anses vara klar. Malmei 
upptrider intrusivt i kvartsitiska bergarter och formodas vara harledd um 
en pa djupet befintlig gabbro. Hela fyndigheten har karaktir av en pa ringe 
djup liggande lineal vars lingdaxel befinner sig i ett nagorlunda horison 
tellt lage. 

Till en annan grupp av sulfidmalmer héra de pneumatolytisk 
bildningarna, som frimst representeras av molybdenférekomsten Vi 
Maataisvaara i Karelen. Malmen upptrider hir dels som en svag impregne 
tion, dels som nagot stérre kértlar i en forkvartsad gnejs. Halten av molyh 
dengians ar ytterst lig men detta uppviges av att malmen ar Jatt att al 
rika genom flotation och impregnationens volymmissigt stora utbredning 
Smirre fyndigheter av molybdenglans pa andra hall sakna ekonomisk be 
tydelse. 

Som en tredje grupp raknas de till granitmassiv anslutna kontakt 
malmerna. Viktigaste representanterna for denna typ aro Pitkiranta oeh 
Orijairvi, bida valkinda genom Triistedts och Eskolas arbeten. Malmerna ~ 
Pitkiranta, som brétos under tiden 1814—1904, aro beligna 1 omedelbax 
nirhet till en rapakivigranit och befinna sig i de rester av granitmassivets 
»tak», som Annu finnes i behall. De dro koncentrerade till vissa smala kalk 
stenslager i en glimmerskifferformation. I den genom kontaktverkan delvis 
till skarn omvandlade kalken iro malmmineralen avsatta genom utfillning 
ur gaser och lésningar, vilka emanerat fran rapakivimagman. Forst utkris: 
talliserades magnetit och detta sa rikligt att fyndigheten friamst kan giilld 
sisom en jarnmalm. Harefter féljde tennsten, vismut och scheelit, varefter 
kommo sulfiderna av vilka zinkblindet kvantitativt 6vervagde. I aldre ti 
der brétos frimst kopparkis jamte nagot silverhaltig blyglans och férst langt 
senare vidtog utvinningen av zinkblinde. Nyare undersékningar ha visat att 
annu, trots langvarig drift, betydande forrad av zink-kopparmalm syne 
vara férhanden (ca 1 000 000 ton malm). ‘ 

Trots rapakivigranitens stora utbredning i Finland synes den ej, férutom 
i Pitkiranta, ha givit upphov till nagra sulfidiska kontaktmalmer, oaktat 
det pa flera hall finnes kalksten nara rapakivikontakten. Férklaringen torde 
vara den, att Svriga rapakivimassiv representera djupare snitt av jordskor- 
pan och féljaktligen »takpartierna» borteroderats. ; 

Den andra stora kismalmsférekomsten, Orijirvi i Nyland, sattes diremot 
i samband med en urgranit, som intruderats i den aldre leptitseriens berg: 
arter. Riklig skarnbildning har gt rum, och malmens huvuddel har karak- 
tiren av en bléitmalm. Gangarten ar hir stralsten. Stérre delen av denne 
malm ar numera utbruten, men di malmaxeln stupar mot éster, torde at 
detta hall pa djupare nivaer annu betydande férrad av frimst zinkmalm 
finnas tillgangliga. Malmmineralen i Orijirvi iro svavelkis, magnetkis, kop- 
parkis, zinkblinde och blyglans. De nuvarande malmférraden uppskattas 
o ca 600000 ton. Malmen haller i genomsnitt 1,3 % Cu, 5 % Zn oek 
2% Pb. 

Svavelkismalmer av kontakttyp intill en urgranit aro kinda fran de ka: 
relska skiffrarna (Jalonvaara, Otravaara, Karhunsaari, Tipasjirvi etc.). Sido- 
stenen utgéres mestadels av sericitkvartsit. Malmerna synas ha bildats ge- 
nom pneumatohydrotermala processer, i det att gaser och lésningar emanerat 
fran en djupliggande ortoklasgranitisk magma. Hit raknas diven en nyupp 
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fickt kismalm av ej omniimnd storlek i Yléjiirvi socken, innehallande kop- 
parkis och arsenikkis med turmalin. 

Rent hydrotermala bildningar iro de kismalmsgangar, vilka hir och var 
patriiffas i det finska urberget. De sakna ekonomisk betydelse men ha ett 
visst mineralogiskat intresse. Férf. indelar dem i 5 kategorier. 

1. Blyglans-zinkblinde-gangar i gammal gnejsberggrund pa Ishavskusten 
i Petsamo. Malmféringen i dessa endast sporadiskt upptriidande gangar dr 
ytterligt ojimn och i stort sett fattig. Gangarten utgéres av kvarts, delvis 
iven av tungspat och kalcit. 

2. Blyglans-gangar (med silver) i rapakivigranit. I Viborgska rapakivi- 
massivet forekomma hir och var sidana gingar av obetydliga dimensioner. 
Aven pa Aland (Sillskir) finnes en sidan gang, kind sedan Gustav Vasas tid. 
3. Kopparkisforande kvartsgangar i de karelska grénstenarna. De karelska 

afferbergarterna innehalla stora mangder amfibolitiserade gabbroida ofio- 
iter, vilka genomsiittas av talrika mineraliserade sprickor. Malmmineralen 
dessa gingar iiro kopparkis, pyrit, magnetkis samt nagot blyglans. Gang- 
arten ar huvudsakhgen kvarts jimte nagot kalcit. 
4, Guldhaltiga svavelkis-hematit-kvarts-karbonatgangar 1 den nordlapska 
sranulitformationen. De bilda en sjilvstandig gangformation, helt skild fran 
aktens med pegmatiter sammanhingande kvartsgangar. De ha anlagts pa 
fensionssprickor ungefar vinkelratt mot granulitens strykningsriktning, men 
fragan, varifran lésningarna emanerat, ar annu ej fullt utredd. Det i vissa 
av norra Finlands ilvar forekommande vaskguldet formodas hirstamma 
fran dessa gangar, vilka i sig sjilva endast aro svagt guldhaltiga. 

5. Kisimpregnation i aldre berggrund innehallande magnetisk jarnmalm. 
Ay sannolikt hydrotermalt ursprung ar den kisimpregnation, som emellanat 
nntriffas i vissa jirnmalmsfyndigheter och vilken i aldre tider fororsakade 
stora oligenheter vid malmens férhyttning. I Haveri jiirnmalmsfyndighet 
vid Kyrésjirvi, som fér nérvarande brytes, bestar kisimpregnationen av mag- 
etkis och kopparkis med ratt betydande guldhalt, varfor denna del av 
almen genom flotation avskiljes samtidigt med jirnmalmskoncentratet. 
Under benimningen de syngenetiska, sekundara sulfi- 
lerna hinfor forf. de regionala impregnationerna av kis i skifferberggrund 
v sikert sedimentirt ursprung. Dessa aro i frimsta rummet grafithaltiga 
ylliter, motsvarande de inom Skelleftefaltet forekommande, vidare kolhal- 
iga stralstensskiffrar samt kvartsitiska skiffrar jamte vissa karbonatiska 
ergartsled. Kismineralen ‘iro huvudsakligen magnetkis och svavelkis, un- 
lantagsvis kopparkis och arsenikkis. ; 

- Vidstriickta arealer av skifferberggrund inom Karelen, Osterbotten och 
inska lappmarken uppvisa en svag men ganska konstant kishalt. Vid de 
eofysiska malmletningarna inom dessa omraden ha dessa impregnationer 
Allat samma oreda och besvir som de av svenska malmletare féga ilskade 
svarta skiffrarnay i Viasterbotten. Trots att kismangden 1 dessa bergarter 
eléper sig till hundratals miljoner ton, ha de mycket litet viirde ur eko- 
omisk synpunkt, i synnerhet som kopparhalten ar minimal och adelmetaller 
aknas. 2 

Kj att forvixla med de kisimpregnerade kolhaltiga fylliterna aro de kis- 
drade skiffrar av falbandstyp, som beledsaga nickel-magnetkis-malmen 1 
etsamo, vilka skiffrar enligt Vayrynen ha karaktaren av vulkaniska tuff- 
vlagringar. Av svartydd karaktir ar vidare den kishalt av falbandstyp 1 
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sericit-kvartsitiska skiffrar, som férekomma inom betydande omraden 
mellersta Osterbotten. Eventuellt torde denna kishalt kunna tolkas som g 
kundart uppmobiliserad ur de svarta skiffrarna genom tektoniska rérelser. 
Slutligen férekommer som descendent bildade sulfideri 
pregnation av kopparglans i amfiboliter och kvartsiter inom vissa delar 
av nordligaste Osterbotten, delvis av liknande karaktiéir som kopparglansen: 
i Sjangeli. I Finland sakna dessa sulfider ekonomiskt intresse. q 
Sammanfattningsvis kan sigas, att Finland for nirvarande ar sjalvfor- 
sérjande med hinsyn till koppar, nickel, kobolt och molybden, avensom: 
svavel och troligen i nira framtid zink. Guld och silver produceras i stigande’ 
mingd som biprodukt fran Outokumpumalmen. Brist rader frimst pa jam, 
vilken i viss utstriickning erhalles som »purple ore» ur kisbrinder, samt Vi- 
dare pa bly, krom och volfram. { 
E. Yqgberg. 


Lecraye, Micuex: Origine et formation des gisements d’or. — 
Liége et Paris 1942. 192 s. 


Andamalet med denna bok ir, enligt férf:s forord, att lamna en exposé 
éver varldens guldférekomster, frimst med hinsyn till deras bildningshis+ 
toria och geologiska upptridande, samt att hiirmed sdka fylla en lucka i 
den franska geologiska litteraturen. Férfattaren, som numera dr professor 
i Liége, har tidigare haft tillfaille att studera ett stort antal guldférekomster 
i Nordamerika och Centralafrika och har hirvid samlat en rik erfarenhet 
fran olika slag av dylika fyndigheter. 

Storsta utrymmet i boken dgnas férekomster av magmatiskt ursprung 
och endast helt kortfattat behandlas det alluviala guldets upptriidande: 
Inledningsvis lamnas en allmin sammanfattning av de magmatiska proces: 
serna och deras betydelse for malmbildningen, dir forf. i stort sett foljer 
Nigglis och Schneiderhéhns uppfattning. De olika typerna av magmatiske 
guldférekomster indelar han i tre huvudgrupper: ortomagmatiska (= likvid- 
magmatiska), pneumatolytiska och hydrotermala. 

Fyndigheter tillhérande den férstnimnda gruppen 4ro sillsynta och en: 
dast tvenne exempel iro anférda. Den andra gruppen, som indelas i peg: 
matitiska, pneumatolytiska och kontaktmetamorfa fyndigheter, ar betyd: 
ligt talrikare féretridd. Den viktigaste huvudgruppen ar emellertid der 
hydrotermala, vilken férf., i ikhet med Schneiderhéhn, uppdelar i hypo: 
abyssiska och subvulkaniska fyndigheter. 

Bland exemplen pa fyndigheter av hydrotermalt ursprung aterfinner mar 
en beskrivning av Boliden (huvudsakligen efter O. Odman 1938), vilker 
emellertid med hinsyn till kvarts-turmalingangarna darstiides, klassifieras 
som ett mellanled av pneumatolytisk-hydrotermal karaktar. 

Sista kapitlet ignas Witwatersrand under rubriken »magmatiskt eller allu 
vialt ursprung?» Foérf. ger en kort resumé av olika tolkningsférs6k och ur 
skiljer harvid tre hypoteser: 1. Guldet alluvialt, en fossil placer bildad i kam 
brisk eller prekambrisk tid. 2 =1, men guldet har senare utlésts, borttrans 
porterats och anyo utfallts 1 konglomeratet. 3. Guldet har tillférts genom 
hydrotermala lésningar och utfallts 1 konglomeratet. Den sistnimnda asiktet 
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ir framst foretridd av amerikanaren Graton. Fort. sjilv néjer sig med att 
konstatera det paradoxala i att den guldférekomst, som iir littast atkomlig 
for undersékningar och som limnat det storsta bidraget till virldsproduk- 
ees, samtidigt ar den mest hemlighetsfulla betriffande sin bildningshis- 
oria. 

Boken avslutas med statistiska uppgifter jamte htteraturhinvisningar, 
Den ar rikt illustrerad med sma enkla men upplysande kartskisser och som 
helhet betraktad ger boken en kanske viil ytlig men dock klar och redig 
framstallning av guldets forekomstsitt pi var jord. 

E. Yqberg. 


Mylimansforskning och humusgeognosi.! 
Av 
Lars-GUNNAR RoMELL. 


Det ar nu allmant erkiint, att ett riktigt och viktigt steg togs inom mark- 
laran, nar man gick éver fran geognosi till modern pedologi, d. v. s. nir man 
upptiickte vad vi nu kalla jordmanen och bérjade efter markprofilen ur- 
skilja olika jordmanstyper i stallet for att som férut halla sig enbart till 
jordarter och deras bestandsdelar. 

- En avy dem som forst togo det steget var den geniale danske naturiakttaga- 
ren P. EK. Miiller. Han kom rent ay nagot fére Dokuchaev, som man brukar 
ge iran som den store pionjaren. 

Pa samma gang tog P. E. Miiller ett annat viktigt steg framat av alldeles 
samma art. Han sag, att mull och mar dro tva olika utbildningsformer eller 
typer av en och samma naturliga jordmanshorisont. 

Férut hade man i béckerna rivit sénder en naturlig helhet sa gott man 
kunde i dess olika bestandsdelar. Av den vanliga fibrésa maren (»rahumusen») 
i vara blabirsgranskogar tog man t. ex. upp blabarsfilten under rubriken 
skogsogris och resten under rubriken humus, dir man med olika namn 
(t. ex. Rohhumus och Verwesungshumus) skilde mellan multnande vaxtdelar 
och »jordaktig> humus (jfr Grebe 1853, s. 140, 147 och 169, och Grebe 1858, 
s. 163, 171 och 195). Eller man médade sig att inom »myllan» (humusen, dit 
ocksa riknades bl. a. brun rétved i triid och stubbar) skilja mellan »mullbil- 
dande amnen», »mullsyror» och »mullkroppar» (von Post 1862, s. 41—43). 
‘ Hampus von Post straivade efter en genetisk klassifikation av organiska 
jordarter och lyckades bra med det, nar det giillde gyttja och dy. P. E. Miiller 
ick kanske férsta stéten till sitt arbete av von Post, men han gjorde pa helt 
annat sitt in vad von Post hade gjort med »myllan». Utan att bry sig om 
Berzelius och Mulder och utan att braka mycket med definitioner beskrev han 
kikt for skikt »forskjellige Typer for den oberorte Skovbund, betragtet som et 
ganiseret Hele» (s. 4), bl. a. och sirskilt tva »Hovedtyper af humese Aflei- 
inger i Bogeskove», och han sag i dem olika »Skikkelsery av en och samma sak, 
om han kallade bl. a. for »Humuslaget» (s. 114) eller »Humusdeekket» (s. 115). 

P. £. Miillers rattframma stil ar sa sjilvklar, att man att forstar honom 


1 Inledningsféredrag vid diskussion i Svenska marklaresillskapet den 26 november 
1943 (med nagra tillagg). 
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trots bristen pa uttryckliga definitioner. Hans »Humuslag» ar pa modernti 
pedologiskt sprik en jordmanshorisont. Det iir icke ett lager av en viss jord-| 
art eller alls nagon viss »substans». Dir ingar allt som finns inom horisonten, 
t. ex. sand och ler, hégférmultnad humus och multnande vixtdelar, levande 
rotter, mykorrhizor, svamphyfer, maskar och andra smadjur och hela ha 
skaran av ainnu mindre varelser, en hel »Mikrokosme». : 

Om humuslagrets definition och begransning finner man hos P. E. Miille 
(1878) féga direkt utsagt i klara ord. I de typiska fall han bygger pa stalk 
sig saken pa foljande sitt. Nar horisonten var utbildad som mar, var dégs 
grins utan vidare klar nedat (mot blekjorden) och praktiskt taget ocké 
uppat, eftersom det icke fanns nagot lager av lésa boklév ovanpa, utan endast 
yhist og her nogle Bladrestery och for dvrigt idel packade lév, som riiknades: 
till jordmanen och allts4 till maren. Nar humuslagret var mull, var grinsen 
skarp uppat mot det lésa lagret av »Skovens Affald», som annu icke hérde: 
till jordmanen (s. 9) och darfér icke raknades till mullen. Endast mullens undre’ 
grins var oskarp och miaste sarskilt dryftas (s. 10). 

Den nordiska skolan av skogliga markforskare, i Sverige frimst de 
Statens skogsférséksanstalt knutna forskarna, har foljt P. E. Miillers sat; 
att se och byggt vidare pa den grund han lade. Inom den skolan har begreppeti 
humuslager blivit grundliggande, likasa dess tva hu vu dtyper, mull | 
mdr, som ha val statt sig och visat sitt virde (ocksa utanfér Norden o¢h| 
Europa; jfr Romell och Heiberg 1931). 3 

Man har lagt till nagra nya termer. Ett ord tarvades for det »Skovens Af! 
faldy man a4nnu icke kan rikna till humuslagret, ett ord svarande mot demi 
man redan hade i andra sprak for skogens déda markticke (litter, litiere,: 
Waldstreu, alla ordagrant = stré), och hirfér valdes det svenska dialekt-; 
ordet forna. Det inférdes forst av Hesselman (1912 s. 38 och 40) under forment 
»skogsférnay. Ocksa for skikt inom humuslagret har man kiint behov aw 
termer: F-s kik t (férmultningsskikt) och H-s kik t (humusdémneskikt). De 
inférdes av Hesselman 1926. Till sist har Forsslund (1943) givit ett sirski 
namn at hela mattan ovan maren i mossrik skog (bildad mest av mossal 
och dess férna): stratum superficiale eller S-s kik t. 2) 

Intet av de gjorda tilliggen har rubbat nagot i P. E. Miillers — 
och det hela bildar ett klart och logiskt oangripligt system, dir det icke 
behéver bli fraga om nagon sammanblandning eller forvaxling av olika in+ 
delningsgrunder. Det finns sirskilda beteckningar fér ty per av hum us- 
lager (kategorier svarande mot t. ex. markprofiltyper: podsoler, brun- 
jordar o. s. v.) och for skikt inom eller utom den jordmanshorisont som: 
kallas humuslagret (kategorier svarande mot t. ex. olika horisonter inom: 
mineraljorden: blekjord, rostjord 0. 8. v.).* b 


1 Systemet tal att byggas ut vidare utan att sprangas. Under de stora typ erne 
mull och mar kan man sitta hur manga sirtyper man vill, pi samma satt som man efter- 
hand plockar in arter i ett vaxt- eller djurslikte (jfr Romell och Heiberg 1931 s. 581). 
Till sist kunde stortyperna tinkas bli onédiga; men hittills te de sig alltjimt som nyttiga 
och ekologiskt liksom pedologiskt som fulltraffar av en benadad iakttagare (jfr Romell 
och Heiberg 1931 s. 576, Romell 1935 s. 4). Skikten delas vid behov i flera, kallade 
t. ex. 6vre och undre F-skikt och H-skikt eller F,, F,, F, (jfr Hesselman 1926, s. 497 och 
500) och H,, H, o. s. v.; allt nirmast i deskriptivt syfte. Skikten kunna och bora beskrivas 
eller karakteriseras med nigra ord profil fér profil eller en gang fér alla fér en viss ur- 
skild typ (sirtyp, variant) av humuslager. Det ar samma teknik, som brukas allmant 
-(virlden runt) fér hela markprofilen med dess olika horisonter. Den medger varje énskad 
utférlighet eller koncentration. z 


* 


er «tow es 
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 Begreppet f6rna intar en sarstiillning, di fornan 4 ena sidan bildar en 
horisont, & andra sidan kan jimféras med en jordart (sand, lera o. s. v.), 
darigenom att den alltid si dvervigande bestar av ett genetiskt enhetligt 
material. Férnans sirstillning kan icke skyllas systemet, utan ligger i sakens 
natur. Den iir ett bland flera skal, som tala fér att icke rikna in fornaskiktet 
i humuslagret utan anse den horisonten som ett tiicke ovanpa jordmanen. 
Man kan anmirka pa en del smasaker, icke minst pa definitioner och defini- 

tionsférsék. Fér min del menar jag liksom Halden (jfr Ekstrim 1929), att 
den brukliga definitionen pa jordman bér andras, si att det blir klart, att 
humuslagret alltid hér dit, om det nu ar mar eller mull. Liknande justeringar 
skulle nog visa sig tarvas, om man tinker nirmare efter, i definitionerna pa 
nigra andra allmiinna termer, t. ex. mark. Av Hesselmans definitioner pa 
specialtermer blev férnans fir string, di det sades, att den skulle vara 
oférindrade déda rester. Dir fattas ett ord: ndgorlunda eller 
nagot liknande.* Hesselman tiinkte sig icke heller for nar han tog ordet mar 
fér en viss typ ay litt mar. Det kom lyckligtvis aldrig att sla igenom, och 
missgreppet ir nu gottgjort genom ett beslut vid skogsférséksanstalternas 
kongress i Nancy 1932 (jfr Romell 1935 s. 4, not 4). Nyligen har Forsslund 
varit obetinksam nog att riikna fornaskiktet till markprofilen, fastin lyckligt- 
vis icke till humuslagret. Litet tanklés har man nog ocksa varit; da man har 
talat om »mullagret» och »marlagret». Garna har man da med mull menat 
enbart mullens H-skikt (som ju ocksa ofta bildar hela humuslagret, nir 
det ar utpriglad mull). I och for sig gér ett sadant sprakbruk intet men. Pa 
samma satt talar man pa engelska utan skada ofta om blekjorden i en podsol- 
profil som »the podzol layer», samtidigt som man kallar podsoljordar fér 
»podzols». Men det kan verka férvillande for den som icke har begreppen 
kklara. Man kan tro, att hir ar ett lager av en jordart, kallad mull eller mar, 
och Tamm (1940 s. 105) har faktiskt kommit farligt nara att géra mullens 
sskikt till en jordart. Diremot betyder det 1 princip ingenting, att det finns 
tva namn pa mar, det nordiska ordet och det tyska »rahumus>, som annu 
brukas i Norge och av en del férfattare pa svenska. Det ar en enkel synonymik, 
icke varre in att blabar har hetat bade Vaccinium myrtillus och Myrtillus 
nieTa. 
- Utanfér Norden har ordet férna tagits upp i Tyskland, dir man saknade 
ett nog klart och sniivt avgriinsat ord fér begreppet, eftersom »Waldstrew 
har betytt bl. a. allt man kan raka ihop med en riifsa i skogen. Internationellt 
antagna vid tva kongresser (den férut nimnda i Nancy 1932 och den inter- 
nationella marklirekongressen i Oxford 1935) och internationellt anvanda 
jfr t. ex. Heiberg 1939 s. 42 och Tansley 1939 s. 83) iiro dels orden mull och 
mar (mor) med diremot svarande begrepp (tyvirr utan att uttryckligt defi- 
nieras som typer av jordmanshorisonten humuslagret), dels skiktsymbolerna 
och H (F-layer och H-layer, utlist om man sa vill: fermentation layer och 
numified layer; férst féreslaget av Romell och Heiberg 1931), om ocksa endast 
ér de tva huvudskikten i m ar. 
Den enighet, som hirigenom har vunnits om begrepp och termer, bortsett 
ran litet vacklan i definitionerna, tycker jag fir vardefull. Den ar ocksa 
rladjande for oss i Norden som ett erkannande at P.,H. Miillers verk och at 
nordisk skoglig markforskning efter hans tid. 


a Jamfér definitionen hos Romell och Heiberg 1931 s. 567. 
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Men enigheten iir icke och har aldrig varit fullsténdig, ty den gam 
geognostiska synen pa de ting det har giller har aldrig détt ut. I Tys . 
har P. E. Miillers pedologiska syn alltid haft att kimpa med den. Ra 
forstod sa litet av det nya P. E. Miiller kom med, att han trodde sig »handla: 
i hans anda» (1911 s. 172), nar han lit mull betyda ligre markdjurs e 
menter, alltsi en best&ndsdel av vilken mark och vilket marks ikt : 
som helst. Som andra sidana »humusformer urskilde han »Moder» (finférde-: 
lade multnande rester), torv (multnande vixtrester med strukturen kvar) och! 
utfalld humus. Alla fyra sorterna voro rena materialbegrepp pa 
samma sitt som t. ex. sand eller lera. Fér att, sisom han trodde, »undga all 
svarigheter» lit Ramann sedan Rohhumus betyda varje slags multnande; 
rester ovanpa mineraljorden och ville beskriva en rahumus t. ex. sa hire 
»Buchen-Rohhumus aus dichtem Trockentorf, darunter 3 cm dichter Moder 
eller »Rohhumus des Kieferwaldes, 10 cm lockerer Trockentorf, darunter 1) 
cm Moder eller »Rohhumus als dichte feinfaserige Moderschicht 2—3 cm» 
(s. 195). 

Den is geognostiska syn pa saken, som var Ramanns, tycks allt sedap: 
ha levat kvar i Tyskland, men definitionerna ha vaxlat valdsamt (se vidare 
Romell och Heiberg 1931 s. 572—573), sa att t. ex. Albert (1929 s. 105) 
har givit mull en sa verkligt underlig mening som humus bildad i jordem 
eller nedrunnen dit i lésning (i motsats till Moder, som har férts dit mekaniskt). 

Den tyska humusgeognosiens system, som kan sagas strava efter att ur 
skilja »das Ding an sich», kunde ha varit ett riktigt grepp i princip, ifall de 
naturliga bildningar det giiller hade varit enhetliga material, avsatta det ena 
p4 det andra, si som nir sand ar lagrad pa lera. I sa fall hade det ocksa varit 
naturligt och riktigt att bruka samma ord fér skikt och for sorter, sésom 
Ramann och andra ha gjort. Ingen kan med skal kriva, att ett lerskikt eller 
sandskikt i en profil maste kallas nagot annat iin lera och sand. Endast ett 
hade man alltid kunnat anmirka pa den geognostiska tendensen i humus: 
forskningen: det ar icke sikert, att det gar att skilja pa humussorter av olika 
natur med hjilp av de »héchst oberflichliche Merkmaley (Siichting 1929)! 
som sta till buds i skogen.1 Man kan icke géra kemi eller mikrobiologi mec 
bara égonen och en lupp. 

Men nu ar det sa, att de bildningar man finner i markens humushorisont’ 
icke aro lager av nagot enhetligt material. De olika lagren registrera icke 
heller vart och ett fér sig olika biologiska bildningsvillkor (sisom lera oek 
sand sina geologiska). Humuslagret ar tvirtom en »Mikrokosme» ay levande 
och dott, och dess olika skikt svara mot stadier i en utveckling 
som i sin helhet blir olika alltefter olika villkor. Darfér bor man lata bli at: 
sla ihop under ett materialnamn skikt fran olika typer av humuslager. On 


4 


1 Geognostikern démer latt annorlunda. Orden bli genom sprakets makt éver tanke1 
naira pa trollformler. Man lagger girna in i dem en kraft, de icke ha, att dverlista naturel 
och ge sanningens kirna. Man frestas att glémma sadant, som att liknamnda skikt w 
humuslager av olika typ ha forts ihop under samma namn efter en ytlig likhet, som kai 
délja viktigare olikheter. Den mangariga virriga diskussionen inom tysk humusgeognos 
bar syn fér sagen och har hittills, vad jag kan déma, icke givit nagot annat resultat a 
varde. Stravandena att »forfinay humusgeognosien genom nya tricks kunna se mycke 
vetenskapliga ut, men dro enligt min tro principiellt démda att misslyckas. Man kai 
icke heller slapa ett laboratorium med sig i skogen. 

2 For att gora klart, att det ar fraga om en jordmanshorisont, ar ett ord sadant sou 
humushorisont eller varfér icke m y 11m 4n biattre an ordet humuslager, som kan miss 
tolkas i geognostisk anda. 
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le ocksa se ut att besta mest av ett och samma material, si kan det anda 
vara fraga om helt olika saker. Diremot ir det sund induktion att urskilja 
likatyper av hela humuslagret, efter vad man kan se, sisom 
har gjorts av P. K. Miiller och dem som ha féljt honom, ty man kan i lager- 
‘Oljden, rotférdelningen o. s. v. inom humuslagret pi mangfaldigt siitt skénja 
spar av viktiga biologiska olikheter. En sidan typologi drabbas icke ay 
Siichtings bistra kritik. 

Det hade icke funnits stérre skil numera att syssla med den geognostiska 
skolan, om den icke hade fatt en sen nordisk avliggare vid vaxtbiologiska 
institutionen i Uppsala. 

Det bérjade med en uppsats om férna och iivja av R. Sernander (1918), 
dar icke endast férnan med ratta, utan ocksa med oritt maren tas som ett 
yeognostiskt begrepp, ett visst slags material, och diir frindskapen med den 
yska geognostiska skolan réjes ocksa av termen »moder» (s. 679). Sernander 
yftade begrepp med maren i en mossrik skog som exempel: »Skall nu en 
sidan anhopning kallas rahumus eller forna? Fér min del skulle jag helst 
vilja den senare beteckningen. En rahumus bér, fransett det ifragavarande 
agrets relativt svaga humifiering, sasom hoérande till torvarterna i vidstrickt 
emirkelse — man riknar den ju allmant som en ’Trockentorf’ —, enligt 
min tanke vara av mera stabil natur och dess dvergang till en annan jordart 
under oférindrade yttre naturférhallanden vara en tillniirmelsevis sekular 
process.» 

Man bor laigga marke till att »rahumus» implicite kallades jordart och 
att huvudskilet fér att dépa om marens F-skikt till »fornay var av spekulativ 
art och faller bort ifall skiktet icke antas bildat av torv.! Ett annat skal var 
svarigheten att dra en grins mellan mossférnan och F-skiktet. Skogsmossorna 
bilda, hette det, »under sig en lucker anhopning av déda skott in situ» anda 
ned till »nista lager, en mull». Sa ar enligt andras omdéme icke allmant 
allet eller ens regel. Forsslund skriver (s. 13): »Mellan forna- och F-skikten 
inns i allminhet aiven en tydlig morfologisk grins. Den egentliga mossf6r- 
nan ar mera lucker och dess element mer eller mindre uppatriktade, medan 
Je multnande rester, som ingi i F-skiktet, iro mera sammanpressade och 
nedtryckta mot horisontalplanet.» Mitt eget omdéme blir samma som Forss- 
unds. Jag har ocksa mirkt att, om man varsamt luggar mossticket 1 en moss- 
ik granskog med mar, man oftast far med sig ganska jamnt sa mycket som 
orsslunds S-skikt, d. v. s. den gréna mossan och mossférnan, men foga eller 


1 $a har pa senare tid sallan n4gon gjort pa allvar, fastién ordet »Trockentorf» har levat 
var pa tyska. P. E. Miiller kallade i ordnéd mar for »Torf» i den tyska upplagan (1887) 
Ww sitt klassiska verk, men bad om ursakt fér det i férordet. Mar och torv aro ju parallella 
bildningar, men mycket olika utom i grinsfallen. En av skillnaderna ar den Sernander 
bekade pai. Mirens skikt spegla normalt icke sekler och artusenden med skiftande villkor, 
4som skikten i en torvmark bruka géra. Maren bér hellre ses som en kompost, som i sin 
elhet eller till stérre delen lever i nutiden. I bottnen kan finnas ett smetigt H-skikt, 
om ofta haller trakol, men det skiktet air nog i regel det enda subfossila, och det brukar 
rara helt tunt utom pa fuktigare mark och i grépper mellan stenar 0. d., dir minnen efter 
dre skogsgenerationer ha undgatt branden, som f édde den nya. F-skiktet och hela maren 
er man siillan tjockare in 1 dm ens i urskog i Lappland utan spar av brand (jfr Arnborg 
943). Nar man kring Storuman och Hornavan och sirskilt pa oar 1 Hornavan kan traffa 
0—60 em maktig och enligt Erdtman (1943) mycket gammal fibrés mar (Hesselman 
926 s. 488—500), ar det fraga om sillsynta undantagsfall. Icke utan orsak brukar torv 
as som en jordart, men maren réknas som en del av jordmanen, Allt sidant tycks Du 
jietz gl6mma bort, nar han nu vill dépa om maren eller dess F-skikt en gang till och kalla 


ndera »hedtorv» (1942, s. 127 och 131). 
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intet av maren. Griinsen mellan mossférnan och F-skiktet har jag f 
vara en naturlig griins ocksa dirfér, att dir samlar sig efter hand granb. 
férna som pa ett golv. Har ser jag for min del den naturliga markytan 1 
lila skog i smaétt, som mossan bildar, en replik av det golv man tram 
di man gar mellan stammarna i skogen. 

Sernander hade fullt klart for sig, att han med sitt nimnda forslag sta 
sig isolerad bland skogliga markforskare i Norden: »Harvidlag stoter jag d 
mot en annan opinion av ganska enhetlig art, som t. ex. hos Hesselman fi 
ett priignant uttryck i hans klarliggande skildring ...» (s. 663). Men 
nander var eller blev icke ensam om att hinga fast vid en geognostisk begrep 
bildning. Man finner rester av en sddan t. ex. i de férslag, som lades fram 
nordiska jordbruksforskares kongress i Helsingfors 1929. De bara en ty: 
prigel av kompromiss mellan oférenliga synpunkter eller standpun 
diiray en klart geognostisk. Det heter t. ex. sa har: »Humus: kollektivbenam 
ning fdr de i en jord férekommande, organiska resterna ay vaxter och dj 
— Bland humusformerna markas: férna, torv, rahumus, mar, ... samt m 
— Férna: de ofdrindrade, déda resterna ...— Réhumus: av svamphyf 
mycelietradar eller hégre vixter (t. ex. birris) sammanvavt humuslager,) 
som kan distinkt skiljas fran mineraljorden. — Mar: en lés och lucker humus-| 
form, . ... 6vergangsform mellan tory eller rahumus och mull. — Mull: starkt: 
formultnad organisk substans i lucker strukturform, ...». Det hela ar 4 
endast inkonsekvent, utan ocksa oklart. Ordet »humusform» definieras icke: 
annat ‘in genom den anférda upprikningen, och »humuslager» definieras: 
icke alls. Sarskilt klart geognostiskt och enligt min mening olyckligt var, att) 
rahumus,.mar och mull jimstalldes med férna som »humusformer under en: 
ren materialrubrik. 5. 

Pa sista aren har den tyska skolans nordiska avlaggare gatt till direkt an- 
grepp mot det system P. H. Miiller och den nordiska skolan av skogliga mark- 
forskare ha byggt upp pa pedologisk grund. I dess stiille vill man nu satta ett 
klart geognostiskt system. , 

Det bérjade skenbart ratt oskyldigt med att Sernanders elev Lindquist: 
(1931, s. 218) kallade mullens H-skikt for »mullskikt (-lager)» och mares 
H-skikt for »rahumusskikt». Men 1938 var man fardig att helt folja tyskarnas, 
Sernanders och Helsingfors-kongressens geognostiska linjer. Lindquist skrev 
bl. a. (1938 a s. 18): »Olika varianter av dessa tre terrestra humusformer, 
fornan, mullen och rahumusen, konstituera i skilda kombinationer humus- 
ticket i de skandinaviska skogarna. I vissa fall bildas hela humusticket av 
en enda av dessa humusformer..., i andra fall konstitueras humusticket av 
tva eller tre av dessa humusformer jimte deras varianter i bestiimd lagerfoljdi 

.». Utférligt lade Lindquist fram sitt nyordnade system i en 8 sidor lang, 
diskussion (1938 b s. 135—143), dir det bl. a. heter: »En eller flera humus-' 
former eller skilda varianter avy en och samma humusform sammansatta 
humusprofilen.» 

Lindquist tycks icke ha fattat den grundliggande skillnaden mellan P. E. 
Miiller och Ramann m. fl. tyskar, mellan Hesselman och Sernander, mellan 
jordmanslara och geognosi. Avgérande tycks han i stillet finna en skillnad 
mellan »skiktbegrepp» och »substansbegrepp». Anda far han Sernanders klara 
materialord »férna» till »i forsta hand» ett »skiktbegrepp». P. E. Miiller rakar 
han helt misstolka genom att ta hans avgransning nedat av ett mullartat 
humuslager (jfr ovan s. 306) som en definition pa begreppt mull. Han far 
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pa det viset ocksi P. HK. Miillers mull till ett »skiktbegrepp». Det hiinger 
kanske samman med att Lindquist icke har fattat inneborden i.det inom 
den nordiska skolan grundliggande begreppet humuslager. Han tycks icke 
ha gjort det, nar han kan vilja (1938 b s. 135) jamte eller i sitt eget geognostiska 
system bruka bl. a. termen humuslager »i stort sett ... i den betydelse, — 
som angivits hos Hesselman (1926), Liksom si manga tyskar, som icke 
ha fattat kirnan i P. E. Miillers verk, vill Lindquist ha mullen till ett »dvre 
skikt i mineraljorden». Och han definierar den sa, att t. ex. undre delen av 
en riktigt priktig »Lyngskjold» pa de danska hedarna, d. v. s. den av svart 
humus hopbeckade blekjorden, blir en utpriglad mull. Sa har later hans 
definition (1938 b s. 141): »det Gvre skikt i mineraljorden, dar denna ar 
mtimt blandad med humus i sadan mingd, att inblandningen morfologiskt 
skiljer skiktet fran underliggande icke eller obetydligt humusinblandade skikt». 
Ett fullstandigare fornekande av P. KE. Miiller far man leta efter, ocksa hos 
amann och andra tyskar. 

Pa samma sitt andrar Lindquist andra P. EH. Millers och hans efterfoljares 
ermer och begrepp och sitter 1 stillet for deras nu internationellt brukade 
system med dess klara skillnad mellan skiktsymboler och typnamn ett uni- 
tariskt system, dir samma ord brukas bade for skikt och for »humusformer». 
»Klarhet och konsekvens béra vara oeftergivliga krav pa den indelning, 
som géres»; sa bérjar Lindquist (1938 b) sin rifst med begreppen. Men han 
har tagit miste om medlen till malet. Det ir onddigt att stalla »skiktbegrepp» 
och »substansbegrepp» mot varandra, ifall det ar fraga om lager av enhetligt 
material, sisom »humusformerna» fattas av den geognostiska skolan. Det ar 
meningslést och vilseledande att géra sa, om det giller att reda ut terminolo- 
sien for olika utbildningstyper av en jordmanshorisont. Vad man bér skilja 
pai fir i stallet skiktsymboler och typnamn. 

Efter Lindquists langa diskussioner om »skiktbegrepp» och »substansbe- 
srepp» refererar hans eley Arnborg (1940 s. 130, not 2) ett av hans huvud- 
forslag med féljande ord: »Von den drei Humusformen — Forna, Rohhumus 
und Mull — rechnet Lindquist zur Férna auch die Schicht, die nach einge- 
biirgerter Terminologie als Vermoderungsschicht des Rohhumus bezeichnet 
wird, wihrend er zum Rohhumus lediglich die Humusstoffschicht zahlt.» 
Vad han hir siager dr, att av tre humusformer den enas undre skikt riknas 
ill den andra. 
| Arnborg har varken pi tyska eller svenska (1943) stallt fragan, om han bor 
élja Lindquist. Det tycks ha tett sig alldeles sjilvklart, att han skulle géra 
det. Sa ar det ocksa i doktorsavhandlingen, dir »markterminolog»» dryftas pa 
#1/, sidor. Enligt den tyska resumén grundar sig ocksa det hela pa dvertygelse 
Ansicht). iv; : 

I ett fall gar Arnborg litet langre an Lindquist. Han definierar mull sa, att 
oeks& ¢. ex. en humusortsten blir mull: »Med mull forstas har ett lager 1 
markprofilen, som bestar av en blandning av humus och mineraljord.» (1948 
s. 46.) Men enligt vad som lar ha kommit fram vid disputationen, var det icke 
neningen. ; y 

Med full avsikt har diremot Arnborg i Norrland brukat en terminologi, 
som ger honom féga eller ingen »rahumus» i den gamla blabiirsgranskogen 
pa torr till frisk mark, utan endast eller nastan endast »fornay. ee 
Om man sdéker efter sakskil for en sidan reformiver, finner man till sin 
hipnad ingenting annat an att det ibland kan vara svart att se gransen 
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mellan férna och F-skikt! och att Hesselman glémde ett ord i sin definiti 
av ordet forna (Lindquist 1938 b, s. 136—137; jfr hirovan s. 307). Uto 
miste man nog undra éver att frin Norden kommer ett pa sa ihali 
skil* grundat foérslag att rasera ett ur nordisk tanke sprunget klassifikatio 
system med tillhérande nomenklatur och ersitta det med ett system 
aldrig och tysk prigel, just som det moderna nordiska hade blivit in 
nationellt antaget och bérjade bli inarbetat. 

Uppsalavaxtbiologerna sluta upp kring systemet Sernander-Lindquist-. 
Arnborg. Du Rietz talade i ett utlatande ar 1940 om »ett saval praktiskt som 
principiellt nytt metodologiskt grepp* pa humusmarkprofilernas undersékning | 
dverhuvudtaget», som ar »grundliggande fér vara mullprofilers fortsatta ut-- 
forskande». Han utvecklade saken vidare: »Man hade férut néjt sig med att! 
grovt indela de nordiska skogarnas humusticke i mull och rahumus (eller; 
mar) och endast i rahumusprofilerna urskiljt tva olika humusskikt* med de| 
klumpiga och féga indamalsenliga namnen férmultningsskikt och humus-- 
aimnesskikt, medan vid indelningen knappast nagon hansyn tagits till forna-- 
skiktets utbildning.» Men med sina begrepp »som enheter vid markprofilernas ; 
analys och benamning lyckas Lindquist karakterisera dessa pa ett visentligs| 
klarare och mera logiskt satt in vad som férut har varit méjligt och dari-- 
genom kasta nytt ljus aéven 6ver sambandet mellan markprofil och vegeta-. 
tion. Inom den nordiska vaxtbiologien har Lindquists nya grepp® pa humus- | 
profilernas studium redan vunnit vidstrackt anvandning och visat sig innebira } 
ett metodologiskt framsteg av hég rang; sjalv har jag (liksom flera av mina: 
larjungar) i stor utstrickning anvaint det i de mest skilda svenska vegeta-- 
tionstyper fran Skane till Torne Lappmark och haft enbart goda erfarenheter | 
darav.» 

Lika enhilligt som uppsalavaxtbiologerna utan tvivel skriva under Du: 
Rietz’ omdémen, torde Nordens andra skogliga markforskare komma att| 
skriva under Forsslunds (1943 s. 12), om ocksé O. Hagem ar 1939 i ett sak-. 
kunnigutlatande stillde sig valvilligt avvaktande. Forsslund finner, att »den 
aldre terminologien» tycks »bade tillrackligt klar och val inarbetad fér att| 
béra bibehallas». Om den nya skriver han bl. a.: »Det mest beklagliga med | 
denna nomenklatur synes mig dock icke vara sjilva namnen utan den brist| 
pa reda och hiinsyn till materialets art, som ligger i att blanda ihop en’ 
skiktindelning och typindelning, vilja lata den férra ersitta | 
den senare och genom nomenklaturen, om icke pa annat sitt, lata en 
biologisk profil med olika férmultningsstadier 6verlagrande varandra framsta | 
som en motsvarighet till t. ex. lera pa sand eller tvartom.» 


Re 


1 Det skalet, som var ett av Sernanders gamla (jfr haérovan s. £09), tycks Du Rietz | 
nu icke halla pa att déma ay hans férslag vid marklaresdllskapets sammantrade. 

* J diskussionen tillit jag mig fraga prof. Du Rietz, om han ville komma med nagot 
verkligt skal. I sitt svar sade han, i sak, att en eller annan skola kunde tankas ha intresse | 
av att sdka halla kvar en viss terminologi; men da& den upsalavaxtbiologiska stravan 4r 
den motsatta, kunna hans ord viil icke tolkas som nagot svar pa min fraga. 

3 Det principiellt nya grepp Du Rietz har talar om synes vara samma som var Ramanns” 
ar 1911, jfr citaten harovan s. 308. 

* Ocksa detta ar redan som faktisk upplysning oriktigt, jfr definitionen av mull hos 
Hesselman 1926 (s. 207) och av detritusmull hos Romell och Heiberg 1931 (s. 579), vidare 
noten hos Romell 1934 s. 11. Du Rietz kunde ocksa ha sett efter i »Soil notes» (s. 5, 9 
och 11) i ett »Appendix» till Heibergs och min uppsats 1931 (jfr dar s. 584, noten), som 
han enligt mina anteckningar har fatt. 

5 Det vill val siga Ramanns, jfr not 2. 
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Nagon enighet kan alltsa icke vintas bland svenska forskare under den 
armaste tiden i de fragor, som har ha berérts. Om sakskal f& rada, kan icke 
eller i framtiden nagon ny samling tinkas annat an kring P. E. Miillers 
injer. Uppsalavixtbiologernas férslag duga icke ens som diskussionsbas. Det 
eror icke pa sidant som att definitionerna pa mull leda till sidana konse- 
cvenser att man omdjligt kan ha tainkt sig dem nir definitionerna stilldes 
ipp (jfr hirovan s. 311), utan pa att forslagen bygga pa principiellt oriktig 
rund och innebiira ett fornekande av den skogliga marklirans grundliggande 
inningar. De maste anses iignade att géra skada ur praktisk, vetenskaplig, 
wensk och nordisk synpunkt. 

En god sak kunde ainda den uppsalavixtbiologiska ivern fora med sig, om 
len kunde nog i grund diskreditera ordet »rahumus». Skulle pa sa vis enighet 
cunna vinnas kring ordet mar for P. H. Miillers begrepp, sa vill jag for min 
el tacka for hjilpen. 

I vintan pa att framtiden skall ge mig ritt har jag f. n. endast ett praktiskt 
érslag till andring eller jimkning, nimligen att fa bort den kanske menlésa, 
nen ledsamma homonymien mellan myllmanstypen mull (P. E. Miller) och 
mull» = humusiimnen. Man kunde ersiitta »mully i den sist nimnda meningen 
ned myllimnen, mullhaltig med myllhaltig o.s. v. Jag tycker, 
tt det borde ga bra, dé ordet m y1lla i dagligt tal och bland praktiskt folk 
orde vara det vanligaste inom hela ordgruppen, och da av alder just det ordet 
ar brukats for humus och humusrik Akerjord. Nordiska skogliga mark- 
orskare skulle bli mycket tacksamma, om de ensamma finge ra om ordet 
aull som markterm, och de géra i sin tur icke ansprak pa ordet mylla eller 
Agra ord bildade av det annat in den allminna term my 1] m 4n jag har- 
van har foreslagit. 
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Notis. 


Meteorsten fallen vid Hallingeberg. 


Den 1 februari 1944, kl. 14, foll en meteorsten vid Hallingeberg i Ka 
lan, 25 km VNV om Vistervik. Ljudet av den fallande stenen uppfatta 
av ett flertal personer 1 trakten, men hittills har inte nagon uppgift inko 
att meteoren iakttagits. 

Tva timmar efter nedslaget patriiffades stenen av en lantbrukare i 
lingeberg. Den lag pa c:a 35 cm djup, och den observerades tack vare den: 
kraterformade férdjupning, som bildats vid nedslaget. Upphittaren var inte: 
strax klar éver stenens beskaffenhet, och han slog darfér sénder den. Gen 
formedling av fil. mag. Nils Holmberg vid Gamleby folkhégskola ha skirvor 
dverlatits till geologisk-mineralogiska institutionen i Lund. 

Stenen ar en jarnfattig, gra kondrit med relativt jimn yta. Tre brottstyck 
pa 685, 480 och 255 gram passade vil samman och bildade stérre delen ay 
stenen. Da den lucka, som fanns kvar att fylla, troligen upptagits av en enda 
skirva eftersdktes denna pa fyndplatsen, och den patraffades fem veckor 
efter nedslaget. Denna fjirde skiirva vigde 36 gram. Sammanlagda vikten 
av de erhallna brottstyckena ir saledes 1.456 gram. 4 

Den kondritiska strukturen ir synnerligen val utbildad i stenen, biattre ain 
1 6vriga i Sverige patraffade meteoriter. | 


Assar Hadding. : | 
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Métet den 2 mars 1944. 


Niirvarande 47 personer. 


 Ordféranden, hr Odman, meddelade, att styrelsen till nya leda- 
méter avy Féreningen invalt: 
Professor Bo Hellstrém, Djursholm, féreslagen av hr Caldenius, 
Direktéren jur. kand. E. Tunhammar, Stockholm, foreslagen av hrr 
Odman och Helmer Hedstrém, 

Ingenjér Patrik Danielsson, Stockholm, foreslagen av hrr Tor Hager- 
man och Helmer Hedstrém, 

Fil. mag. Sten Rudberg, Uppsala, féreslagen av hrr Collini och Hér- 
ner, 

Assistentgeologen vid N. G. U. mag. scient. Henrich Neumann, Oslo, 
Greslagen av hr Odman, samt 

Amanuensen fil. mag. Gunnar Wennberg och fil. kand. Nils Linner- 
mark, Lund, féreslagna av hrr Hede och Mohrén. 


~ Revisionsberiittelse Gver styrelsens och skattmistarens forvaltning 
under 1943 fdredrogs, varefter av revisorerna tillstyrkt ansvarsfrihet 
beviljades. 


Sammandrag éver Geologiska féreningens rikenskaper for ar 1943. 


Debet. 


3 ans fran 1942: Reservfondens konto..........-.-++-- kr. 11 231: 63 
Lotterifondens konto ...........--++ » 8000: — kr. 19 231: 63 


Inkomster under ar 19438: 


Reservfondens konto, rantemedel ........----++++eee00- key 336:98 


Lotterifondens konto, ro A ho Cae eanenee reo ion » 357: — 
MRIS CPST. 2 hae isin lta civ ivineis S eels clare ovine sec gieee 3 » 378: — 
[rycknings- o. korrigeringsbidrag ......----+++++++-e00s » 1602: 88 
‘érsiljning av foreningens férhandlingar ......-----+--- » 581: 95 
ARG Ss 002 9 pally Olekclts ote reac eis a a » 1600: — 
Bidrag av Jernkontoret ..........------ereeeeeeseeeee » 1000: — 
MMRPEESALtIIN GAT << 2.2 ese ewe ec eee ree teste » 42: — 
Arliga, ledamotsavgifter ...........---seererereerrere » 3 760: 50 
nbetalda stindiga ledamotsavgifter .....--+++--+eee2+5 a. Sea 300: — kr, 9 959: 31 


Utgdende balans: 


Skuld till P. A. Norstedt & Sdner for tryckning....----++++++++++: «kr, 2337: 76 
Summa. kr. 31.528: 70 
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Kredit. 
G. F. F. 1942, rest & tryokning ......ceccsosescevccecsercscsscstens kr. 2 036: 33! 
G. F. F. 1943, tryckning betald.........-.esesesseeeees kr. 6472: 66 
GFF. » » ogulden.. . j.s:1 «ssa pelt wen iye as » 2337: 76 
GOR By. oe  kiisohter 4 57 ssi. te 2 oles ae eres » 13815: 62 
GR so (reforat:: ..+<4s5 «aren viene eae. ee > 15: 20 
GE. ~». revue annuelles~ ....s5 sore. ai ane ae oe ee » 351: 25 
G.F.F. » distribution..:.....2..-.seeerssssseues - ? 254: 82 , 10747:81i 
Wxpeditionskostnader ....+...0c+csvecwedevecseneregune kr. 373: 73 . 
Sammantradert ..\s)./s:¢vos-0s'de os > setae Salemi pis laa tease ae » 389: 70 
Diverse (brandforsikring, representation) .............-- .& Mess 863: 43) 
DP gizcts (2) ee ae Ae Re rey PRAIA ALPE APR oe SIP er Se Res ty be » 1350: — 
Utgaende balans till 1944: i 
Reser viondens' Kkontos).); 4. «3753 acatere no aioe ponte Mere een alae kr. 11 531: 63 \ 
Lotterifion dens konto ich. 0 !trsyereiotats telater eaeeeeetere oe aioe ns _» 5000: — kr. 16 531: 63% 


Summa kr. 31 528: 70 


Foreningen beslét ingaé med ansékningar dels till Kungl. Maj:t om 
ett statsbidrag 4 2000 kronor, dels till hrr fullmaktige i Jernkontoret: 
om ett anslag av 2000 kronor sasom bidrag till fortsatt utgivande ay 
Forhandlingarna under ar 1944. 


Hr Sven Gavelin holl ett av kartor och ljusbilder belyst foredrag 
om Nagra nya data om vargforsformationem 
och dess relationer till angrinsande intrusiv- 
bergarter. En uppsats i amnet kommer att inflyta i ett foljande 
hafte av Forhandlingarna. 


Hr Odman holl ett av kartor, ljusbilder och stuffer belyst foredrag 
Om sjéfallssandstenens geologi. 


Med anledning av de bada foredragen yttrade sig hrr Geijer, A. Gave- 
lin, Asklund, Grip och féredragandena. 


Hr Asxiunp fann det lyckligt, att de bagge féredragen framférts samtidigt, 
ty darigenom erhélls ett gynnsamt tillfille att betrakta likheter och olik- 
heter mellan geografiskt vitt skilda led avy vad som numera sammanféres 
till den s. k. Vakkoformationen. 

Det av Gavelin utforskade Skidnisomradet motsvarar ju den tidigare 1 
den geologiska diskussionen omnimnda Ledvattnetforekomsten av Varg- 
forsformationen. Under en exkursion ar 1927 tillsammans med Alvar Hégbom 
och Josef Eklund hade tal. studerat forekomsten. Darvid hade rullstens- 
material av Revsundsgraniten befunnits ingi i konglomeraten, varom fore- 
draganden i dag limnat en utférlig, betydelsefull framstillning. Vargfors- 
formationens diskordans gentemot underlaget ar silunda enligt Skidnisom- 
radets vittnesbérd hégst betydande: formationen har tydligen utbrett sig 6ver 
en djupt neddenuderad blandad berggrund, i vilken ingatt material fran 
det lapplandska urbergets tvenne arkeiska granitformationer, urgraniterna 
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ch de medelarkeiska graniterna av den stora grupp, som i Finland brukar 
vetecknas som centralgraniter. Féredraganden hade i dag jiimval demonstre- 
at, att Skidnasférekomsten genombrytes av en yngre granitgrupp, Sorsele- 
yraniten, och dennas porfyrer. Vid studiet av de férevisade stufferna av dessa 
yngre graniter och porfyrer frapperades man av dessas stora likhet med 
subjotniska eruptiv, t. ex. granitporfyrens likhet med Garbergsgraniten osv. 

Nar tal. ar 1927 studerade Vargforsformationen hade han dessférinnan 
under samma sommar dgnat en nira nog tva manader lang resa at jatul- 
och kalevformationerna 1 Finland, varvid bl. a. ingatt faltstudier norr om 
Uletriisk och Kemiomradet. Trots de finska geologernas nuvarande uppfatt- 
ning att kalev- och jatulbildningarna béra sammanfattas till en formation, 
Karelformationen, kunde man enligt tal. inom hela Finland tydligt isérhalla 
jatulen som en avgrinsad enhetlig formation, vilken medelst en djupgdende 
diskordans ir skild fran aldre urbergssediment m. m., som emellertid pa otill- 
ackhga grunder hopslagits med jatulbildningarna. 

Med de firska intrycken fran Finland blev det tal. klart att motsvarig- 
heter till Nordfinlands jatul kunde férmodas dels i Ovre Haukiserien inom 
Kirunafiltet och dels framforallt i Vargforsformationen 1 Vasterbotten. Till 
stor del motsvarade sivil de enskilda sedimenten som lagerféljderna varann 
4 émse sidor den politiska gransen. 
Betriiffande den i dag skildrade Sjéfallssandstenens forhallande till sitt 
underlag kunde man enligt tal. ej undga att bemirka den hégst vasentligt 
skilda valor dess av dr Odmans beskrivna undre diskordans ager i férhallande 
ill Vargforsformationens. Overdirektér Geijers papekande att kornmaterialet 
sedimentlagren hirstammar fran djupbergarter ir mycket intressant, 
men det oaktat ing& ju ej nagra djupbergarter bland konglomeratens rull- 
stenar. Diskordansen ar egentligen féga framtridande. Tal. ville darfér re- 
servera sig mot Sjéfallssedimentseriens placering 1 Ovre Hauki-Vakkoforma- 
ionen och i synnerhet emot dess sammanforande med Vargforsformationen. 
Denna reservation ville tal. aven utstricka att gilla de redan tidigare till 

akkoformationen hanforda kvartsitkonglomeratbildningarna vid Hippainen 

och Paurankivaara (i anslutning till Soppero-Rautasakaraomradet). 
An mera torde enligt talarens mening denna reservation giilla de av dr 
rip med Vargforsformationen parallelliserade konglomeratlagren i Pite skar- 
gard m. fl. lokaler vid den bottniska kuststrackan, betraffande vilket omrade 
rip aven synts bendgen att utvidga den yngre sedimentserien till att om- 
atta dirvarande skiffrar och kalkstenar m m. I omradet kunna emellertid 
dir forekommande granitmassiv av Revsundstyp forvantas komma att er- 
bjuda impertinenta dverraskningar for en dylik tolkning. sane: 
Den bland »Lapplandsgeologerna» alltmer framtradande samstammigheten 
dari att alla de lapplindska sedimentserierna med djupbergartsrullstenar 
skulle tillhéra en enda formation, fann tal. bygga pa en alltfor schematisk 
uppfattning for att denna skulle aga sannolikhetens prigel. Erfarenheten 
fran Finland, t. ex. Centralfinland med dess dj upbergsartforande konglomerat, 
jamférelse med de jatuliska konglomeraten av vida yngre Alder, mana till 
stor férsiktighet i den diskuterade fragan. 


Hr Gre: De omraden med vargfors-, sj6falls- och vakkoseriernas berg- 
arter, som foredragshallarna ha parallelliserat, ligga pa stora avstand fran 
arandra, och det kan darfér vara av vikt att fa ett tatare nit av observa- 
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tioner. Tal. ville dirfor nimna nigra nya konglomeratlokaler, som fylla s 
dana luckor. 

Kring landsviigen, som gir fram till Lévniis vid sédra anden av sjén 
pen norr om Arjeplog, ligga stora mingder med konglomeratblock, vi 
torde vara ganska lokala. De fértjiina en nirmare undersékning. 

Skollorna i fjillranden kring Storlaisan innehalla bla 6verskjutna par 
tier av det urberg, som underlagrar fjillrandens bergarter. Dar finns gra- 
niter, arvidsjaurporfyrer och konglomerat i olika utbildning. Det senare Wan 
antagits héra till sparagmitserien, men kan méjligen héra till vargfors 
rien. Konglomeratet ar nimligen mycket likt vargforskonglomeratet och at 
féljes liksom detta av réda sandstensartade bergarter av samma utseende 
som de 8. Gavelin i dag beskrivit fran Grabergsomradet och som dir visat 
sig vara sura vulkaniska askor. En mikroskopisk undersékning av sadame 
bergarter fran skollorna torde kunna ge svar pa fragan vart de skola ham 
foras. — En undersékning av de nara nog okinda skollorna vidare norr 
kanske ocksi kommer att visa nya férekomster avy urbergssediment. 

Pitekonglomeratet hade tal. for nagra ar sedan beskrivit och jamsta 
med vargfors- och vakkoserierna. Sedan dess hade tal. funnit konglomerater 
lingre norr ut i savil block som hall fran Gaddvik och fram till Bali 
berget 12 km WNW om Lulea. . 

Till slut ville tal. géra ett fortydligande. Dr Asklund har i Geologie 
Jahresberichte 1942» bl a refererat tal:s uppsats om Pitekonglomeratet oeh 
anfért att linagraniten genomsatte sediment som tal. uppfattade sasom sam 
horiga med konglomeratet. Tal. ville nu framhalla att linagraniten ocksé 
skarpt genombrét de mest polymikta konglomeraten. 2 | | 


Vid motet utdelades nr 436 av Foérhandlingarna. 


Métet den 13 april 1944. : 
Narvarande 48 personer. 
a 


_ Ordféranden, hr Odman, hilsade aftonens féredragshallare, dr 
Odum, och aftonens dvriga giister, medlemmar av Svenska Teknolo 4 
foreningens avdelning for kemi och bergsvetenskap, samt anférde: 

»Sedan vart senaste sammantride ha trenne av Féreningens leda- 
moter avgatt med déden. 

Professor Dr K. Keilhack avled den 10 mars i Berlin vid en alder ay 
86 ar. Keilhack hade bakom sig en lang och framgangsrik bana som 
forskare och praktisk geolog. Hans stora larobok »Praktische Geologie» 
var pa sin tid den fornamsta inom denna del av geologien.: Vidare var 
han under en lang féljd av Ar utgivare av Geologisches Zentralblatt. 
K. var bl. a. Ehrenmitglied vid Tekniska Hoégskolan i Charlottenburg. 
Sedan 1884 tillhérde han var Forening och var vid sin déd dess Aldste 


medlem. j 
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Professor emeritus Karl Axel Grénwall avled den 12 mars i Lund 
rid en, alder av 75 ar. Han foéddes i Ystad samt studerade vid Lunds 
miversitet. Grénwall bérjade sin bana som paleontolog vid Mineralo- 
isk Museum i Képenhamn men dvergick sedermera till Danmarks 
eologiske Underségelse. Under detta skede publicerade han betydande 
rbeten Gver Bornholms geologi. Ar 1910 blev G. geolog vid Sveriges 
eologiska undersékning. Han togs hiir snart i ansprak fdr vissa spe- 
jalutredningar rérande kaolin- och kritbildningarna i NO Skane samt 
le skanska djupborrningarna, vilkas vetenskapliga ledare han. blev. 
ir 1917 tilltriidde G. professuren i geologi och mineralogi vid Lunds 
iversitet, pa vilken post han férblev till 1934. Av Geologiska fore- 
ingen var han ledamot sedan ar 1892. Under aren 1914—16 tjanst- 
jorde han som Foéreningens skattmiistare. 


Bergsingenjér Felix Wanjura avled den 1 april i en alder av 73 ar. 
an var fodd i Tyskland men fick sin utbildning i Sverige. Efter nagra 
s arbete i Oberschlesien var han under 20 ars tid verksam 1 Koskulls- 
lle. Av var Férening var han medlem sedan ar 1914. 


Jag lyser frid éver de bortgangnas minne.» 


Till ny ledamot av Féreningen hade styrelsen invalt fil. stud. Nils 
arklund, Uppsala, foreslagen av hrr Collini och Ljungner. 


Hr Odum hdll ett av talrika ljusbilder belyst foredrag om D an- 
arks geologiske Undersdégelses Borearkiv, dets 
rganisation, Arbejdsmade og en Del af dets Re 
ultater gennem 18 Ar. 


Borearkivet. Sa lenge, der har existeret geologiske museer, 
ler anstalter i lighed med S G U, har geologerne indsamlet og op- 
gnet oplysninger om boringer, der gav indblik i jordlag o. a., som ikke 

umiddelbart tilgengeligt; det har naturligvis ogsa veret tilfeeldet 
Danmark. Bliver man staende paa dette standpunkt: at indsam- 
ngen af borings-oplysninger er et indre-geologisk museumsanliggen- 
, kommer man imidlertid til kort pa tre punkter: 


Man kommer kun i besiddelse af fa og tilfaeldige oplysninger og 
prover fra de mange boringer, der udféres med vidt forskellige for- 
mal; 
et sadant mangelfuldt borearkiv er kun i ringe grad egnet til at 
opfylde sine praktiske funktioner i samfundet; Setll 

‘benyttelsen af boringerne i videnskabelige publikationer bliver til- 
feldig; der opstar jevnligt misforstaelser eller tvivl m. h. t. boringers 
identitet og placering (fremgar tydeligt af den eldre geol. litteratur). 


; 
. 
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I et levende, moderne samfund udfores der mellem ar og dag sé 
mange boringer, at varetagelsen og arkiveringen af de tilvejebragte op) 
lysninger ikke lengere kan betragtes som en privatsag, — hverkeni 
geologen eller den, der lader boringen udfére. Der provebores efter malm: 
kul, gas, salt, olje, ler og andre rastoffer, og forst og fremmest - 
det veerdifuldeste og uundveerligste af jordens rastoffer: vand. Alle de 
oplysninger af geologisk art, der herved tilvejebringes, er af den storste 
verdi i nationalékonomisk henseende. Det gelder ikke alene de tili 
felde, hvor en boring straks giver det énskede resultat, men i lige ss 
hdj grad de tilfeelde, hvor man ikke finder det eftersogte rastof; ex 
»forgeeves» boring giver i alle tilfeelde oplysning om geologiske forhold: 
der — direkte eller indirekte — er af stor veerdi, enten umiddelbart (f. ex 
ved udredning for vanddomstolen) eller om 5—10—20 eller 50 ar. — 
Ser man pa de meget store pengebelob, der hvert ar anbringes 1 save 
resultatrige som resultatlése boringer, star det klart, at det er spild a 
samfundets midler, hvis ikke alle tilvejebragte oplysninger arkivere’ 
pa en sidan made, at de nar som helst med kort varsel kan nyttig 
gores i en eller anden sammenheng. 

Det skal nu vere min opgave at gore rede for, hvorledes man i Dan 
mark har sdgt at lése dette problem. 

-Opgaven falder i 3 led: 1) Tilvejebringelsen af materialet, 2) Opbe 
varing deraf, 3) Ordning af det opbevarede materiale pa en sada; 
made, at det er lettilgengeligt og brugeligt til et hvilket som held 
formal. 

1) Tilvejebringelsen af materialet er i Danmark sikret ved lov ford 
allerfleste boringer, ud fra de motiver, jeg nzevnte til indledning. Lov 
bestemmelserne dekker tre kategorier af boringer. ‘ 

I »Lov om Efterforskning og Indvinding af Rastoffer i Kongerige 
Danmarks Undergrund» (}%/, 1932) bestemmes, at alle boringer — 
d. v. s. dybdeboringer — indenfor lovens ressort skal indberettes til © 
félges af D G U, som har ret til alle oplysninger, udtagning af prove 
o. s. v. Bestemmelsen deekker altsa boringer efter salt, olje 0. a. rastot 
fer, som indtil 1932 ikke var indvundet i Danmark. 

Ved justitsministeriel bekendgérelse af 1/, 1939 bestemmes det, ¢ 
boreentreprenéren er pligtig at indsende alle oplysninger om udfort 
gasboringer til D G U. 

I »Lov om Vandforsyningsanleg» (*/; 1926) bestemmes det at »ve 
udfdrelsen af boringer, der anbringes 1 vandindvindingséjemed, sk 
den, der lader boringen udfore, til D G U indsende meddelelse om bi 
ringernes. beliggenhed, de forefundne jordlag, vandstanden og resu 
tatet af afholdte provepumpninger». : 
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Disse tre bestemmelser dekker alle egentlige boringer med undta- 
gelse af boringer efter rastoffer, der ikke falder ind under undergrunds- 
loven; og det vil i realiteten sige boringer efter alle hidtil kendte ra- 
stoffer sasom ler, kaolin, bornholmske kul, tertiertidens brunkul o. 1. 
Her er altsa et beklageligt hul i lovbestemmelserne, men det opvejes i 
realiteten ved, at boringer af denne art kun udféres af et begranset 
antal industrielle foretagender, entreprenérforretninger o. 1., altsa 
under sadanne forhold, at det dels er let for D G U at holde kontakt 
med de pageldende og fa borerapporterne tilstillet, dels sdledes, at 
vedkommende efterségningsarbejde ligefrem udféres i samarbejde med 
D G U under en eller anden form. 

Langt veerre er det hul i vandforsyningsloven der ligger i den bestem- 
melse, at; boringen skal indberettes af »den, der lader boringen udfore». 
Den pageldende grundejer eller arbejdsgiver er meget ofte helt 
uvidende om loven, eller han er ganske uinteresseret i at efterkomme 
bestemmelsen, — og i begge tilfeelde sker der ham intet! Lovens vise 
zedre har ganske glemt at indfdje straffebestemmelser for overtraedelse 
af loven (kun hvis boringen udféres for vandveerker eller industrien 
sdledes, at den pageeldende — for at opna vandindvindingsret — skal 
indbringe hele sagen for vanddomstolen (i Danmark en landvesens- 
kommission), kan denne sidste forvisse sig om situationen og kreve 
oven respekteret). Boreentreprenéren — en bréndborer eller et ing- 
pnidrfirma —- som er den eneste sagkyndige, har ingen forpligtelser i 
Henne retning. 

Imidlertid er D G U jo interesseret i at fa sa korrekte og fyldige op- 
ysninger som muligt, og d. v. s. at man énsker at fa oplysninger — 
og jordpréver — direkte fra entreprenéren. I praksis har D G U der- 
or lige fra lovens ikrafttreeden sat alt ind pa at opna et intimt sam- 
rbhejde med alle landets bréndborere og borefirmaer. Af sadanne fin- 
Hes der maske en ca. 150 af en sadan standard, at man behover at 
egne med dem, og fra D G U’s side har man sdgt at beviege disse til 
rivilligt at indsende oplysninger og borepréver til D G U. Arbejdet 
baseres dels pa et ducdrsystem, hvorefter bréndborerne betales for 
Jen extra ulejlighed, de har ved indsendelsen, dels pa en saglig propa- 
banda, der tilsigter at oplyse bréndborerne om de store fordele, de 
can have af et intimt samarbejde med geologerne (mere herom senere). 
I realiteten har denne politik fort til et gunstigt resultat, og hvad 
ler ikke indgar pa denne vis, sdges indhentet ved regelmessige besdg 
hos landets bréndborere, besdg pa borestederne under arbejdets gang, 
— og endelig ved mere systematiske egnsunderségelser, hvor geologerne 
mdsamler oplysninger om tidligere udférte boringer, konstaterer ter- 
enkote, maler grundvandsstanden o. |. | 
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Alt dette overvages ved en gennemfort statistik over indgangen 
boringer til D G U, hvorved der skelnes mellem boringer, der indgar ; 
eller indsamles ad forskellige veje. — Ser man bort fra krigstidens 
og gasboringer, samt boringer indsendt af det koncessionerede »Danish | 
American Prospecting Co», viser det sig, at ca. 22 % af de indgaede | 
boringer »indsamles» af geologerne, ca. 56 % indsendes af bréndborene, | 
og kun ca. 22 % direkte af indsendere, der er forpligtet iflg. loven. . 
Disse sidste 22 °% representerer udelukkende stérre kommunalsamfund | 
og stérre industrier med egne teknikere; nesten alle mindre vandver- - 
ker, mejerier, mindre virksomheder og private _overlader det hele til! 
deres boreentreprenorer, der alts& kommer ind med de ca. 56 %. 

Iévrigt viser kurven en sterk stigning i arene lige efter 1926, d. v. & | 
efter vandforsyningslovens ikrafttreden og borearkivets organisation. . 
Svingningerne i de senere ar skyldes dels dget borevirksomhed i de: 
nedborsfattige ar, dels nedsat borevirksomhed p. g. a. krigens mate-- 
rialemangel, dels vexlende aktivitet fra D G U’s side. — Ialt inde- - 
holder borearkivet (BA) pr. ""/1. 1943 oplysning om ca. 26 000 boringer. . 

2) Opbevaring af materialet. BA omfatter férst og fremmest alt ind- | 
sendt originalmateriale: rapporter over hver enkelt boring med alle: 
detailoplysninger om beliggenhed, jordart, vandrejsning, provepump- : 
ning (alt dette evt. ledsaget af korrespondance forud for og under bo-: 
ringens udforelse), evt. vandanalyse og endelig bjergartsprover; evé. . 
suppleres disse oplysninger med geologens optegnelser pa stedet. Alt | 
ordnes efter lébenr., som det fremgar af det folgende. 

3) Ordning af materialet. Hele dette yderst heterogene materiale: 
ma imidlertid bearbejdes og bringes i ensartet form, hvis det skal vere: 
let handterligt og overskueligt. Systemet er saledes: Efter underso-. 
gelse af borepréver m. v. rentegnes boreprofilet pa et serligt profil-. 
blad, hvorpa alle vigtige data angives. En standardiseret farvesignatur | 
letter den geologiske oversigt: blader man i de bind, hvori profilbla- 
dene samles, er et evkelt blik tilstrekkeligt til at orientere geologen’ 
m. h. t. boringernes dybde og geologiske forhold. Boringen forsynes: 
med et lébenr. indenfor det pageldende atlasblad (1 : 40 000), og dette: 
nr. indféres med rédt tusch pa atlasbladet, hvor boringens néjagtige: 
beliggenhed afmerkes. Atlasbladet har sit eget nr., sa slutresultatet: 
bliver et toleddet lébenr. En boring i Kébenhavn kommer f. ex. til at 
hedde 201.159, og dette nr. anbringes idjnefaldende pa alt, hvad der 
har med den pageldende boring at gére: atlasblad, profiltegning, origi- 
nalpapirer, korrespondance, bjergartsprover, analysekort 0. s. v., 0g 
alt indordnes i arkivet efter dette nummersystem, der altsa i virkelig- 
heden er et geografisk system. Nummersystemet er sa elastisk, at nye 


1 Det drejer sig her ikke om dybdeboringer. 
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nr. kan indskydes mellem de gamle nar som helst. Har en fabrik f. ex. 
en boring nr. 201.159, og der senere udféres en eller flere nye boringer 
pa samme fabrik, far de blot nr. 201.159 a, b, c, 0. s. v. — Nye bore- 
prover indordnes pa samme made ved parallelforskydning af kasserne 
i provemagasinet. Det kan tilfdjes, at dette nr.-system nu ogsd anven- 
des i al geologisk litteratur i Danmark. Enhver boring, der publiceres 
ien eller anden sammenheng, betegnes med sit nr. i D G U’s BA, sa al 
forveksling eller tvivl om dens identitet udelukkes. Atlasblade + pro- 
filblade udgér BA’s arbejdsmateriale, der anvendes til daglig. 

For de boringers vedkommende, der giver oplysning om prekvarte- 
rets niveau og grundvandstanden, extraheres disse to koter til ind- 
forelse pa et serligt kartotekskort; disse kartotekskort er lette at over- 
skue, let handterlige ved revision i marken, og de kan umiddelbart 
anvendes som manuskript ved publikation af undergrundskort og 
vandrejsningskort. 

Kt serligt kartotek fores over vandanalyser. Hvad enten analyserne 
kommer udefra eller udféres af D G U’s kemiske laboratorium, bliver 
de omregnet til ensartet fod: angivelse af mg/l og millizkv./l, og dette 
sidste optegnes endvidere pa kortet i grafisk form. Et enkelt blik pa 
analysekortet er da tilstreekkeligt til at oplyse om savel vandtypens art 
som oplésningens koncentration. 

Skematisk tager BA’s hele organisation sig altsa saledes ud: 


Danmarks Geologiske Underségelse. 


Borearkivet. 

Originalmateriale Arbejdsmateriale Underségelse i marken 
; _ Atlasblad ——{ event. Besdg paa Borested 
Rapportskema | / 
Korrespondance ——| Profiltegning Terrinkote 
Situationsplan con va 
; | | Kartotekskort Vandrejsning 
Bjergartsprover }————— Ss Cape 

Prekvarterkote 
Vandanalyse } Analysekartotek 


for 


Raadgivende Virksomhed. Videnskabelig Publikation. 


Vi har nu altsa et BA, hvor alt er udkrystalliseret 1 standardiserede, let 
overskuelige profilblade, og hvor nr.-systemet tillader en forvexlingsfri 
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identifikation af hver eneste boring. Nu er alt boremateriale let at b 
nytte, — og hvortil benyttes det sa? 


Borearkivets Funktioner. BA’s officielle funktion . 
forst og fremmest at vere til radighed for vanddomstolene. Den danske | 
vandforsyningslov setter ret snevre grenser for fri og ukontrolleret 
indvinding; sé snart det drejer sig om vandverker eller vand til sely 
ret sma virksomheder som f. ex. gartnerier, mejerier — for slet ikk 
at tale om stérre industrier — skal indvindingstilladelse indhentes 1 
form-af vanddomstolens kendelse, og denne kendelse giver samtidi 
beskyttelse imod uberettiget konkurrence om grundvandsressourcer 
ne, forurening af grundvandet m. m. Det er selvklart, at vanddomsto- 
len ofte ikke kan ndjes med oplysninger om den ene boring, hvis ej 
séger indvindingsret; den ma til belysning af forholdene inddrage alt 
tilgengeligt materiale vedrérende hele egnens geologi og grundvands- . 
forhold, og det er her BA’s opgave altid at kunne stille alt 1 tidern 
léb tilvejebragt materiale til radighed. Ofte tilkaldes geologen so 
sagkyndig til vanddomstolen. 7 

Denne officielle funktion er imidlertid ikke den eneste, ja ikke en-_ 
gang den mest omfattende. Langt den stérste opgave ligger i at fungere 
som oplysningscentral for alt, hvad der har med den geologiske side | 
af vandboringer at gore. Alle bréndborere og alle vandveerksbranchens 
ingenidrer har hurtigt opdaget, hvilken stétte de kan have fra BA’s 
side, og da BA fra férste stund har fulgt det princip sa vidt muligt at 
svare p& alt, hvad man kunde svare pa, beredvilligt og uden bureau- 
kratiske omsvoéb, vil det forstas, at der har veret basis for en frugtbar 
udvikling. Journalen over den daglige post + telefonopringninger kan _ 
godt lébe op til 10— 20 henvendelser om dagen. ; 

Der er bogstavelig ikke greenser for, hvad BA spérges om: 4 

En privatmand, en virksomhed eller et vandverksinteressentskab 
patenker en boring: hvorledes er de geologiske forhold pa dette sted, 
hvor dybt skal der bores og hvad slags vand findes der? Eller en brond- | 
borer skal afgive tilbud pa udférelsen af en boring, og sa kommer han 
med de samme spdrgsmal (dette er langt det almindeligste), — Pa 
atlasbladet ser man, hvilke boringer der findes pa den pageldende 
lokalitet, og de tilsvarende profilblade tages frem. Muligvis er sagen 
si vel oplyst, at man ligefrem kan svare, at vandférende kalk treeffes 
i den og den dybde, og grundvandspejlet vil stille sig et vist antal 
meter under terren, hvilket altsammen tillader entreprenéren at kal- 
kulere m. h. t. boreomkostninger og pumpe. 

Er sagen mere tvivlsom, holdes svaret 1 mere almindelige vendinger, 
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med fremhevelse af usikkerheden og de overraskelser, man altid kan 
risikere; men selv en sddan orientering er af stor verdi, 

Muligvis drejer det sig om en egn, hvor ikke-vandforende lerlag af 
stor megtighed kan ventes (f. ex. visse tertiere lerarter, der kan opga 
til flere hundrede meter). I si fald adviseres de interesserede parter om 
dette, og det aftales, at bréndboreren holder D G U underrettet om ar- 
bejdets gang og indsender préver; arbejdet kan da tilrades standset i 
rette djeblik og boringen flyttes til et nyt sted. 
Sagen kan ogsa dreje sig om en gammel boring, hvis ydeevne er giet 
ned, eller som burde kunne give mere vand. Sa henvender indehaveren 
sig til BA, som hurtigt har rede pa evt. svingninger i grundvandstan- 
den, udsigterne for dget vandtilgang ved uddybning af boringen, — 
eller helt enkelt kommer til det resultat, at filtret i borehullet skal ren- 
ses. Ikke sjeldent fores der retssag om brénde eller boringer, hvis 
ydeevne ikke er tilfredsstillende, og si er det igen D G U, der tilkal- 
des. — I alle tilfselde, hvor tekniske forhold kommer ind, henvises den 
pageldende naturligvis til at radfdre sig med sin ingeniér. 

Meget ofte kommer henvendelsen til BA under arbejdets gang. Man 
er med boringen kommet ned i en vis dybde, men vand har man endnu 
ikke faet; hvad nu? — Sa rekvirerer BA naturligvis de foreliggende 
borepréver, skénner over situationen og afgér, om boringen bor féres 
dybere ned eller flyttes, og 1 sé fald i hvilken retning. ; 

I alle de tilfeelde, jeg hidtil har nevnt, er det indlysende, at der er 
ékonomiske hensyn at tage; ogsi hensyn til det faktum, at hver time, 
arbejdet star stille, koster penge. Alt arbejde fra BA’s side forceres der- 
for mest muligt; svar afgives pr. telefon med efterfdlgende skriftlig 
bekreftelse. 

En stor del af BA’s virksomhed bestar i at bista ved projekteringen 
af stérre arbejder: industrielle virksomheder, vandverker til storre 
yer o. l. De fleste steeder i Danmark har faet vandverk (baseret pa 
undvand) omkring 1880—1900. Man har dengang ment, at nar van- 
et var fundet, nogle boringer udfért o. s. v., sa var den sag i orden for 
1 fremtid. Nu — en eller to menneskealdre senere — er byens indbyg- 
erantal vokset, industrierne i byen ligesd, og alt vand indenfor det 
oprindelige grundvandsomrade beslaglagt. Si henvender stadsingem1o- 
en eller kommunalbestyrelsen sig til BA, hvis férste opgave ofte bli- 
rer at overbevise sagens parter om, at problemet ikke kan loses ved 
edblivende at bore p& det gamle omrade: helt nye indvindingsomra- 
er ma sdges, ofte langt fra byen. Sa félger udredningen af hele egnens 
eologi set fra grundvandssynspunktet, anbringelse af proveboringer, 
darbejdelse af vandrejsningskort, undersdgelse af vandets kemiske 
ammensetning og tilrettelaggelse af det endelige projekt, — alt na- 
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turligvis i intimt samarbejde med stadsingenidren eller det projek-— 
terende ingeniérfirma. Pi denne made kan BA have 50—100 sma og | 
store sager lébende til enhver tid, med stadig indstroémmende rappor- 
ter, prover, analyser og korrespondance. + : 

Af alt dette fremgar, at BA’s egentlige idé (som statsarkiv) ikke alene 
_ eller i forste rekke — er at vere et arkiv for opbevaring af tilveje- 
bragte oplysninger. Idéen er fremforalt at vere et levende, upartisk : 
og derfor af alle parter tillidsfuldt benyttet organ i det praktiske livs | 
tjeneste. Skulde BA vere et stévet og dédt arkiv, kunde det ledes af ' 
en tér registrator; skal det fungere i samfundets tjeneste, kan det kun | 
skabes og ledes ved intimt og fortroligt samarbejde med alle boreentre- - 
prenérer, ingeniérer og disses kunder. Det er ikke BA’s tekniske side, , 
der er det vesentlige; det alt overskyggende er dets menneskelige le- - 
delse og lederens indstilling overfor opgaverne. 

Jeg brugte ordene »tillidsfuldt benyttet». Det horer til dagens or- 
den, at der opstar uenighed eller gensidig mistillid mellem f. ex. bore- - 
eutreprenoren eller den projekterende ingeniér og en opdragsgiver (f. . 
ex. et usagkyndigt kommunaludvalg), der ikke kan forsta, at en sag! 
kan kreve udférelsen af adskillige préveboringer, der koster mange } 
penge. S4 henvender man sig til BA, for alle ved, at BA ikke er 6kono- : 
misk interesseret i sagen. Den pageldende geolog rejser til stedet, hol. 
der orienterende foredrag og besvarer indgaende alle spérgsmal, — og} 
sagen glider 1 orden. 

I denne sammenheng er det verd at understrege, at al service fra. 
BA ydes absolut vederlagsfrit. BA existerer i sin nuverende form pa! 
basis af vandforsyningslovens indberetningspligt, og heraf félger til 
gengeld pligten til vederlagsfri service. I det hdjeste betaler rekviren- | 
ten geologens rejseomkostninger igennem D G U’s kontor, mens det! 
er BA’s funktionerer absolut forbudt at beregne sig honorar for ydet: 
arbejde. — Det er altsa staten, der betaler driften af BA, — men det! 
tor vist siges, at de 15—20 000 kr. om aret, BA koster i lénninger og: 
driftsudgifter, er en beskeden udgift i forhold til den samfundsmessige: 
nytte. Alene det at forhindre udférelsen af nogle fa, pa forhand ud- 
sigtslose boringer ekvivalerer dette beldb. 

Pa baggrund af denne redegérelse for BA’s virksomhed kommer jeg) 
endelig til en sag, der ma fremheves, — ikke som noget tilfeeldigt, 
men som et principielt faktum, der er lige s& livsvigtigt for BA’s exi- 
stens som den juridiske lovparagraf, ja maske endnu vigtigere. Det er 
vexelvirkningen mellem BA og alle vandveerksbranchens ingenidrer og 
bréndborere. 

Det nevntes for, at almenheden har meget ringe kendskab til den 
juridiske indberetningspligt (de kan jo endda tage sig den let p. g. a 
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de manglende straffebestemmelser), og bréndborerne, som ganske vist 
kender loven, har overhovedet ingen pligter. Propaganda alene har 
kun ringe virkning, — men nu kommer netop BA’s radgivende virk- 
somhed til. Selv den mest uvillige og indesluttede bréndborer kom- 
mer nu og da i en situation, hvor han tvinges til at radfére sig med 
D G U, og sa har vi ham: lige for lige! Vi hjelper gerne dig, men til 
gengzld forlanger vi oplysninger om dine boringer! — I almindelighed 
er en sa drastisk fremgangsmade idvrigt ikke pakreevet. Langt de fleste 
bréndborere og ingenidrer har forleengst indset, at hvis de skal have 
nytte af BA, ma de pa deres side gore alt for at lette BA’s arbejde. 
Mange af dem betragter vist egentlig BA som deres eget arkiv, — en 
indstilling vi kun kan glede os over, for i realiteten er den jo rigtig, da 
det er samfundet, der betaler det hele. Man er klar over, at geologerne 
jo hverken er »fjernsynede» eller kan vere allestedsnerverende; sa skal 
BA kunne vere i stand til at besvare spérgsmal, ma det ogsa forsynes 
med det bedst mulige materiale. 

I denne sammenhezng er det interessant at legge merke til, at alle 
disse industriens og det praktiske erhvervs meend er fuldkommen klare 
over den uldselige sammenheng mellem videnskabelig forskning og rent 

raktisk arbejde, — ofte i hdjere grad end bevillingemyndighederne! 
Det intime samarbejde, hvorved BA ofte félger en borings udférelse 
dag for dag, bringer os undertiden i den situation, at vi ma sige: »Ja, 
nu har denne boring ganske vist givet det dnskede resultat og I har 
det den vandmengde, I skulde bruge; men set fra geologens synspunkt, 
befinder vi os netop pa et sted, hvor vi har den stérste videnskabelige 
interesse i at fa opklaret, hvad de neste 10—20 m vil bringe.» Og sa 
oplever vi gang pa gang, at bréndboreren borer videre, enten pa yderst 
avorable vilkar for D G U eller helt pa egen bekostning, — blot for at 
fremskaffe de bjergartspréver, geologerne énsker. — Den ene villig- 
hed er den anden verd! | 


Geologisk Forskning. Nu er vi naet til det spérgsmal, i 
hvilken grad BA tjener den geologiske forskning. Forskningen bestar jo 
férst og fremmest i at tilvejebringe reel viden, indsamling af fakta; og 
alene pa dette stadium er det indlysende, at BA’s personale erhverver 
sig et detailleret kendskab til landets geologi, blot ved ar efter ar at 
indregistrere 1 000 eller 2 000 boringer arligt. Imidlertid far dette uhyre 
materiale forst sin virkelige verdi, nar det kan utgore basis for mere 
systematisk arbejde. 

Blandt de videnskabelige arbejder m4 tilvejebringelsen af et kort 
over Danmarks prekvartere undergrund regnes for den vigtigste. Det 
er jo ikke nogen ny opgave; geologer har arbejdet pa den saleenge, der 
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har veeret geologer i Danmark, ogsi med benyttelse af boringsobserve 
tioner, —- al den stund denne sidste vej er den eneste farbare i et lan 
som Danmark, hvor istidsaflejringerne overalt dekker de eldre forma- 
tioner, og hvor prekvarteere daglokaliteter er sjeldne. Afsluttet blive 
denne opgave jo heller aldrig; hvert ar bringer nye boringer oplys- 
ninger, der tvinger os til at endre formationsgrenserne; men mee 
mellemrum lader materialet sig jo sammenstille til et nyt og bedre 
kort, f. ex. det undergrundskort, der i 1939 publiceredes af Theodo: 
Sorgenfrei (BA’s nuveerende leder). . 

Det simple to-dimensionale »kort» er jo imidlertid ikke hele sagen 
Udredningen af prekvarterets stratigrafi og tektonik er en langt 
stérre opgave, og netop pa disse felter har de senere ar bragt os lenger 
frem — og samtidig stillet os stérre opgaver — end vi drémte om f 
25 ar siden. Rosenkrantz paviste allerede 1925 (ved hjelp af bore. 
materiale) forkastninger i undergrunden under Kébenhayn, og i 1926} 
tillod jeg mig at fremsette den thesis, at »Danmarks fysiske geografi | 
ma 1 héjere grad, end man hidtil teenker sig, anses for at vere pavirk 
af forstyrrelser 1 den prekvartere undergrund». I de senere ar bringer : 
hvert eneste ar bidrag til belysning dette nu anerkendte faktum, = 
bidrag der nesten alle baseres pa udnyttelse af BA’s stadig voksende | 
materiale. 4 

Vort kendskab til stratigrafien indenfor samtlige tertierets afd 
linger er blevet sterkt udvidet, og det samme gelder kridtet; her | 
turligvis forst og fremmest daniet som det lettest tilgengelige, men | 
ogsa skrivekridtet og de underliggende formationer, efterhanden som | 
boremateriale tilvejebringes. i 

Et kapitel for sig udgér arbejderne vedrérende de prekretaciske 
formationer, — det store og stadig mere brendende spérgsmal i dansk: 
geologi. Opdagelsen af ficken af saltholdigt mineralvand afslo- 
rede pa een gang forekomsten af saltférende aflejringer i den dybere: 
undergrund og forekomsten af brud, hvorigennem saltvandet traenger | 
frem. En systematisk bearbejdning af mange tusinde vandpréver fra. 
boringer viste, hvor udbredt feenomenet er; men idvrigt ma den videre | 
udforskning af hele dette problem selvfélgelig baseres pa savel boringer | 
som geofysiske undersdgelser, og alt dette er godt i gang savel fra 
danske instituters side som fra »Danish American Prospecting Co’s) 
side. 

I forbindelse med dette spérgsmal om saltvandet kan der veere an- 
ledning til at nevne, at det har veret os muligt at tilvejebringe en’ 
forelobig oversigt over danske grundvandstyper i det hele taget. »Vand) | 
er ikke slet og ret »vand», — det varierer overordentligt i kemisk sam- 
mensetning, selv indenfor et si begrenset omrade som Danmark. Det 


Bd 66. H. 2.] MOTET DEN 13 APRIL 1944. 329 


uavde vandverksteknikere og den kemiske industris mend jo nok 
nidst for, men en systematisk oversigt og opdeling af grundvandet i 
yper, hvis optreden lod sig bringe i arsagssammenheng med geolo- 
yien, var forst mulig pa grundlag af et omfattende BA. Fra alle lan- 
lets laboratorier indsamledes mange tusinde vandanalyser; disse brag- 
es savidt muligt i relation til de boringer, hvorfra de hidrérte, og yder- 
igere suppleredes dette materiale med D G U’s egne analyser af ind- 
commende vandpréver. Resultatet blev som nevnt en geologisk vel- 
notiveret oversigt over vandtyper og deres optreeden, — et resultat, 
ler igen har veret til stérste nytte i det praktiske liv. (Foredragshol- 
leren genemgik en del exempler pa danske grundvandstyper og hen- 
edte bl. a. opmerksomheden pa overensstemmelsen mellem danske 
orekomster af »regenenerationsvand» med stor hardhed og Héllviks- 
ringernes calciumkloridrige saltvand.) 


Ojeblikkelige Opgaver. Et kapitel for sig udgdr DG 
*s arbejde pa at fremskaffe breendsel under denne krig. Pa Born- 
olm findes som bekendt jurakul; men de har veret kendt og under- 
astet brydning i over 300 ar, sa alle tilgeengelige kul var brudt. Nu 
illedes D G U overfor det spérgsmal, om der endnu kunde findes kul 
a Bornholm. BA 1a inde med en rekke optegnelser om eldre boringer, 
g dette materiale suppleredes med boremateriale fra det selskab, der 
avde brydningsret pa de omhandlede arealer. Hele materialet under- 
astedes geologisk bearbejdning, 45 préveboringer udfértes under 

G U’s ledelse, og man fandt savel et nyt leje, der nu underkastes 
dnyttelse, som »fortsettelsen» af de gammelkendte flétser, der viser 
ig at indeholde ikke ubetydelige fremtidsreserver. 

I Jylland vidste vi, at de tertiere brunkul forekommer alleroverst i 
ertizeret, pi grensen mellem miocen og pliocen, 1 realiteten, umiddel- 
art under kvarteret. Dette indebar, at skulle en systematisk efter- 
égning pa grundlag af alle tenkelige muligheder gennemfores, matte 
n legge kendskabet til beliggenheden af tertierlagenes overflade til 
und. Materialet til dette kendskab fandtes i D G U’s BA, og en sam- 
enstilling heraf (foretaget af-Keld Milthers) gav en niveaumessig 
emstilling af tertizroverfladen. Sammenholdt man dette med de nu- 
erende terrenforhold, var det neste skridt at afgraense de arealer, 
vor tertizroverfladen kunde ventes at vere dekket af héjst 10 m 
tidslag, — og et kort herover angav altsi umiddelbart de egne, hvor 
er var teoretisk mulighed for at finde brunkul inden 10 m’s dybde. 

Et systematisk borearbejde blev nu iverksat afeD: Gal under Keld 
ilther’s ledelse. Hidtil er der bevilget over 500 000 kr. til dette, og 
er er udfért over 3 000 proveboringer. Resultatet er, at mens man ved 
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krigsudbruddet kendte lejer med et samlet indhold af ca. 6 mill. 
brunkul, og mens man indtil udgangen af 1943 havde gravet 5.5 i 
ts., kender vi nu lejer med en reserve p& ca. 28 mill. ts. (heraf 
D G U selv fundet lejer med 16 mill. ts.; private entreprendrer har 
det 12 mill., men for en stor del pA basis af D G U’s efterségningspre 
gram). , 
Kvarteret er imidlertid ikke blevet glemt. Der fremkommer sely~ 
félgelig gennem BA’s arbejde mellem ar og dag en mewngde detail-| 
oplysninger om kvarteret, og jeg skal i denne sammenbeng indskrenke: 
mig til at nzevne de bidrag, der i de senere ar er fremkommet til vort: 
kendskab til de forskellige interglacialaflejringer. Mange nye fore- 
komster af interglacial pa primert eller sekundzrt leje er fundet, og 
efterhanden, som de sammenstilles, fuldsteendiggéres billedet af eem- 
havets udbredelse, eemsundene tvers over Slesvig og udbredelsen af 
sidste interglacialtids »Kattegat»: Skerumhedeseriens udbredelse fra: 
det nordlige Jylland ned gennem Kattegat, over Sjzlland og Ven og 
videre over Mén-Riigen og over Balticum (Zens) til Hvidehavet (#), 
Udnyttelsen af den naturgas i Vendsyssel, der har sin oprindelse 
netop i de interglaciale, marine aflejringer, har taget et enormt op-+ 
sving under krigen. D G U har her bidraget ved at klarlegge gassems 
stilling i geologisk henseende (netop interglacial gas, ikke gas fra olje+ 
forekomster) og derved bringe dens udnyttelse ind i rationelle baner, 
— Et serligt problem her var spérgsmalet om sikkerhedsmomentetd 
Den yderst explosionsfarlige gas viste tilbéjelighed til at vagabondere 
p. g. a. fejlagtigte boremetoder, men ved D G@ U’s indgriben blev der 
fastsat regler for gassens udnyttelse og indfért effektivt tilsyn. ; 
Alt dette sidst fremférte har understreget det faktum, at det er 
umuligt at skelne mellem praktisk efterségning af nyttige rastoffer og 
videnskabelig, geologisk forskning. Og som instrument til begge dele 
har D G U’s BA vist sin overordentlige effektivitet. — At der ustand- 
seligt arbejdes med henblik pa fremtiden, behéver jeg neppe at under- 
strege. Af store opgaver, der forberedes, skal jeg kun pege pa nogle 
enkelte: Successiv tilvejebringelse af niveaukort over prekvarteeret 
over hele Danmark; ligeledes niveaukort over grundvandsstanden; 
etablering af et net af pejleboringer over hele landet, sa man kan félge 
svingningerne i grundvandstanden; kemisk-hygiejniske underségelser 
over drikkevand pa landet; indsamling af bjergartspréver til fortsat 
udredning af prekvarterets stratigrafi; indsamling af moreenelerspro- 
ver til stentelling, analyse af tungmineraler og analyse af pollen pe 
sekundert leje i morenen (alt dette skulde efterhanden give os bedre 
kendskab til de forskellige nedisninger og deres moreener); og endelis 
fortsettelse af allerede pabegyndte kontrolforség med »dnskekvist 
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neend» (slagruta). Dette sidste lyder som et kuriosum, men det er des- 
etre et kuriosum, der arligt koster landet store summer; udredning af 
lette problem og oplysning om det er altsa arbejde, der ligger helt pa 
inje med BA’s 6vrige arbejder. 

Opgaver kommer BA’s geologer aldrig til at savne. Just den intime 
orbindelse mellem geologerne og det praktiske livs mend gor, at de 
raktiske opgaver ustandselig melder sig af sig selv; og det viden- 
kabelige stof veelter bogstaveligt ind i form af borepréver og oplys- 
linger. Det er virkelig en misundelsesverdig opgave for den rigtige 
eolog at vere leder af et sd feengslende arbejdsfelt som D G U’s bore- 
rkiv. 


Med anledning av foéredraget yttrade sig hrr Brotzen, A. Gavelin, 
roedsson, Geijer, Petersson, J. Eklund och Mohrén. 


Hr Sven G. Perersson: Jag ber férst att fa ansluta mig till tidigare 
alare och till féredr. framféra mitt tack for det intressanta foredraget. 
Jag kan nimna, att vi redan haft praktisk nytta av den organisation, 
om dr Odum ordnat i Danmark. Da vi nimligen omkring 1933 skulle bérja 
tféra borrning i Skane, funno vi, att nagon samordning av de geologisk- 
nydrologiska fragorna icke tidigare gjorts, och att det endast var synner- 
igen elementiira uppgifter man kunde erhalla fran de resultat, vilka uppnatts 
rid samtliga borrningar utférda av lokala entreprenérer. Hr Odum angav 
14 vissa riktlinjer fér det sitt, varpa han trodde att vattenfragan lampligen 
kulle behandlas i Skanes kritomride, och ar det mig en angenim plikt 
tt nu konstatera, att de rad och anvisningar, som hr Odum, icke blott 
rid detta tillfalle utan aven i andra fall, lamnat varit av stort varde vid de 
prunnsborrningar, som utfdrts i Skane. Efter denna linje ha sedan noggranna 
reologiska arbeten utférts i samrad med geologer bl. a. dr Brotzen och vi 
mse nu, att vii stora drag lést de hydro-geologiska problemen inom SV 
kanes kritomrade. 

Betriffande provtagningen ber jag fa framhalla, att vi med hiinsyn till 
le olika férhallandena i viss utstrackning utfora denna pa annat sitt har 
andet, in vad som géres i Danmark. Har utféres borrning pa tva olika satt, 
lels diamantborrning, dir karnprov utvinnas ur den genomgangna berg- 
prunden, vilken metod anvindes vid undersdkning av malmfyndigheter samt 
strukturundersékningar av exempelvis den typ, som utféres vid Hollviken, 
Jels brunnsborrning efter vatten. I det senare fallet erhallas icke samman- 
nangande karnprov utan endast slam och i enstaka fall hela bitar av det 
yenomborrade materialet. Har i landet finnas ett 100-tal sma diamantborr- 
maskiner, varfor man torde kunna rikna med att atminstone de foérsta krigs- 
iren omkring 150,000 m diamantborrning utfordes per ar. Fér narvarande 
ir omfattningen av diamantborrningen av olika skil avsevirt mindre. Borr- 
1 inhet vid respektive gruvor 
ler vid centrallaboratorier. Nar borrningar utforas pa kontrakt aro kar- 
horna givetvis uppdragsgivarnas egendom och upplysning 
varken fa eller kunna darfor lamnas av entreprenoren. i 
Brunnsborrningar utféras hir i landet efter tva olika metoder. Den aldsta 
ir spolborrningsmetoden av den typ med vilken borrningar utforas i Danmark. 
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Denna metod anvindes hos oss i Skane samt pa Oland och Gotland. Vi 
uppskatta antalet sidana utrustningar till mellan 30 och 40, ifran de mest 
primitiva upp till maskindrivna aggregat. For brunnsborrning i urberget} 
och andra hardare bergarter anvindas stétborrmaskiner av den typ, som} 
Diamantborrningsbolaget utexperimenterat. Vi rikna med att det sannolikt 
torde finnas 150 st. sidana maskiner spridda éver hela landet. Totalt torde 
vil med bada metoderna borras mellan 50,000 och 60,000 meter per ar. 

Vid de borrningar Diamantborrningsbolaget utfér inhimtas noggranma: 
rapporter dver de utférda arbetena. Férminnen skola salunda for varje 
vecka till kontoret rapportera hur manga meter, som borrats under fore 
gaende vecka, limna uppgift pa genomgangna bergarter, erhallna vatten~ 
mingder etc. Vid slutet av varje borrning sammanstillas pa var geologiska, 
avdelning resultaten av borrningarna, vilka slutligen sammanfattas i 
lista, som publiceras. Prov uttagas fran alla borrningar, som netball 
andra bergarter in urberg. Dessa prov insindas till vart kontor och sedan 
vi sjilva tagit del av desamma, éverlimnas de till S. G. U. eller ‘ill 
geologer, vilka ha speciellt intresse av dem. I en del fall behalla vi emeller- 
tid proven sjailva for behandling av vissa speciella omraden. Under senare! 
aren ha aven utforts omfattande borrningar i kvartara lager for undersdkning| 
av vattentakter for stider och samhiallen. Prov fran dessa undersékningar; 
inom grusasar etc. forvaras av stadsingenjérskontoren och i en del fall a 
AB Vattenbyggnadsbyran i Stockholm. 

Vi ha, som jag forut nimnde, ett omfattande arkiv hos Svenska Diamant-; 
borrningsbolaget 6ver utforda borrningar samt iven bergartsprover, och a% 
geologerna alltid valkomna, att nar som helst komma upp till oss och ga ige 
nom det material, som vi uttagit fran vara brunnsborrningar. Foér att lame 
en uppfattning om vilken storlek det skulle réra sig om vid en event 
provtagning har i landet av den typ, som géres i Danmark, skulle jag 
lamna foljande uppgifter: Om vi utga fran att prov endast tagas fran be 
grund, som ar yngre iin urberget, och rikna med att det inom detta omra 
borras omkring 30,000 meter per ar samt att prov uttagas fran vara: 
meter borrning, skulle det foljaktligen komma att réra sig om minst 50 p 
per dag, vilka skulle insamlas och behandlas vid en central institution. § 
eee kan nimnas, att vid D. G. U. omkring 10 prov behandlas per dag. 
=<. 

Hr Troepsson uttalade ett tack till foredr. for den vardefulla framstall-. 
ningen och understrék vikten av en organisation i Sverige liknande den 
danska for tillvaratagande av det rika material, som dagligen kommer fram: 
vid borrningar men som nu till allra stérsta delen gar till spillo. Den lage 
stiftning rérande grundvattnet, som hir genomférdes fér nagra ar sedan, 
har beklagligt nog icke tillvaratagit de médjligheter i denna riktning, som 
man hoppats pa, vilket vil huvudsakligen torde bero pa att den utarbetats 
utan nagon som helst kontakt med den geologiska vetenskapen. Tal. erkinde: 
villigt och med tacksamhet den generésa instiillning till forskningen, som 
Diamantborrningsbolaget stindigt visat genom att lamna ut material till 
undersékning och aven genom att i allt stérre utstrickning taga provserier 
vid sina borrningar. Aven andra foretag hade insett betydelsen av att syste- 
matiskt tillvarataga borrkirnor. Si har Héganisbolaget under senaste af 
lagt upp ett dverskadligt och valordnat borrarkiv, som kommer att bli av 
stort varde for forskningen lika val som fér bolagets egen framtida verk- 
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mmbhet. Saval harifrin som fran Halsingborgs stads vattenborrningar hade 
uplettserier frikostigt stiillts till tal:s forfogande, vilka iiro avsedda att 
verlimnas till 8. G. U. Ett centralt arkiv vore under alla omstiindigheter 
tt féredraga framfor alla de privata eller kommunala provsamlingar, som 
n. uppligges pa skilda hall i landet och om vilkas vard och tillginglighet 
Orre eller mindre osikerhet alltid maste rida. Framfér allt borde vid en 
tkivering av detta slag tillvaratagas borrningar i kvartiiren och inom om- 
iden med sedimentiir berggrund. 


ie 


Geolognytt. 


Fornminnesféreningen har tilldelat fil. dr K. E. Sahlstrém Hildebrandska 
iset for mangarig verksamhet inom arkeologien. 


K. Vetenskapssocieteten 1 Uppsala har utdelat 1944 ars Linnépris till do- 
t Ivar Hessland fér hans avhandling Marine Schalenablagerungen Nord- 
husliins. 


Bergsingenj6r Hans Lundberg har av American Society of Swedish En- 
eers tilldelats John Ericsson-medaljen. 


Geological Society of London har tilldelat prof. V. M. Goldschmidt Wol- 
tonmedaljen for hans framstaende bidrag till norsk petrografi och hans 
dliggande undersékningar éver kristallstrukturen och fordelningen av 
kemiska grundimnena i jorden. 


K. Vetenskapsakademien har ur Hierta-Retzius’ stipendiefond for veten- 
apliga andamal tilldelat lektor Einar Teiling 1,500 kr for limnologiska un- 
dkningar i mellersta Sverige; fil. mag. Sigvard Lillieroth 800 kr for limno- 
giska undersékningar i nordvistra Skane; fil. lic. Stig Waldheim 800 kr 
r fortsatt undersdkning av de skanska myrarnas vegetation och ekologi; 
. dr Sven Hedin 3,500 kr fér bearbetning av botaniska samlingar fran 
edinexpeditionen i Asien; samt fil. mag, Maj-Britt Florin 2,500 kr fér en 
dersékning av den senkvartira Viskafjordens fossila diatomacéflora. 


K. Vetenskapsakademien har tilldelat fil. lic. Bengt Collini Letterstedtska 
derstédet for maktpaliggande undersékningar, 400 kr, for att bearbeta 
aterialet fran visingséformationen samt for faltarbete inom samma forma- 
n. 


Stiftelsen Lars Hiertas Minne har tilldelat docent Erik Nilsson 600 kr for 
rtsatta undersékningar av de gotiglaciala issjéarnas utbredning och land- 
ns avsmiltningsférhallanden i sddra Sverige; docent Carl Caldenius 1,000 
till renritning av kartor och diagram och tryckning av en avhandling om 
ndsisens avsmaltning fran sédra delen av Tidadalen till nordspetsen av 
illingen; fil. lic. Olge Jungstedt Adamson 1,000 kr till tryckning av en av- 

dling The petrology of the Norra Karr district. An occurrence of alkaline 
eks in southern Sweden; samt laborator Sture Landergren 1,000 kr for 
rtsatta undersdkningar om bors geokemi. 
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Liljewalchska stipendienémnden i Uppsala har tilldelat fil. lic. Bengt 
Collini 1,425 kr fér fortsatta geologiska faltarbeten inom Vatternomradet 
fil. mag. Sten Rudberg 1,000 kr fér geomorfologiska studier i nordéstrs 
Dalarna, huvudsakligen inom de subjotniska bergarternas omrade; samt 
kand. Bertil Waern 1,600 kr for undersédkningar av rastritesledet i Dalarna, 
Vistergétland och Skane. ; 


Kungl. Maj:t har beviljat lektor O. Isberg ett forskningsunders od & 
1 200 kr. 


Kungl. Vetenskapssocieteten i Uppsala har ur de for aret tillgingliga med 
len av Bjurzonska understédsfonden for lirda verks utgivande tilldelat bl. 4 
prof. Rutger Sernander ett anslag fér utgivande av Kungsangens botaniske 
och geologiska historia. 


Kuratorerna fér Kungl. och Hvitfeldtska stipendieinrattningen ha ur Ove 
skottsfonden utdelat bl. a. 400 kr. till fil. kand. Gunnar Lindekrantz, Gote; 
borg, for fortsatta undersékningar rérande andmoraners former runt K 
backafjorden och 800 kr. till fil. dr Johan Alin for avvagning av senile 
boplatser och strandlinjer. 


For vinnande av filosofie doktorsgrad férsvarade fil. lic. Carl Erik Nord 
skiéld, Lund, tisdagen den 18 april en akademisk avhandling med titeln 
fologiska studier inom évergangsomradet mellan Kalmarslitten och Tjust 
Som opponenter fungerade docenterna Syen Bjérnsson och Ame San 


Fil. lic. Olge Jungstedt Adamson férsvarar lérdagen den 15 maj kl. 10 f. 
& Stockholms Hogskolas lirosal nr 3 sin i detta hifte intagna avhandling 
Opponenter aro prof. Harry von Eckermann och fil. lic. F. E. Wickman. ~ | 


Den 4. 4. 44 6ppnades de sakkunnigas utlatande 6ver professuren i geologi 
sirskilt petrografi och mineralogi, vid Uppsala universitet. Professor Back 
lund placerar de sékande i ordningen: 1) Krokstrém, 2) von Eckermann, 3 
Norin, 4) Sundius. Prof. Hadding: 1) Norin, 2) Krokstrém, 3) von Ecker: 
mann och Sundius. Prof. Aminoff har ordningen: 1) Krokstrém, 2) von Ecker 
mann, 3) Sundius, dock icke med tillerkinnande av full kompetens; om 
Norin finner han det svart att med bestimdhet uttala sig. Samtliga sakkun 
niga forklara Kulling inkompetent. a 


K. Fysiografiska Sallskapet i Lund har till utlindsk ledamot kallat pro 
fessor Thomas Barth, Oslo. Till inlandsk ledamot har valts professor Helg 


Backlund, Uppsala. t 


Sveriges geologiska undersdéknings faltarbeten 1944. 


Statsgeologen S. Johansson utfér agrikulturgeologiska och hydrogeolo 
giska specialundersékningar 


Statsgeologen R. Sandegren utfor kartering pa kartbladet Sdderfors 
Extrageologer: O. Claesson och P. H. Lundegardh. " 


Statsgeologen N. Sundius avslutar undersédkningen av vissa karbonat 
bergarter i Sddermanland och Narke samt pibérjar en undersékning ay Dal 


formationens kvartsiter m. m. ; 
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Statsgeologen G. Lundqvist reviderar pa kartbladet Avesta, rekognoscerar 

r jordartskartan éver Kopparbergs lin samt meddelar instruktion for nya 
artbladsrekognoscérer. Extrageologer: 4 kartbl. Avesta: B. Collini, G. 
lodkvist, E. Fromm och J. Lundqvist. I linskarteringen deltager assisten- 
n ©. Larsson. 


Statsgeologen B. Asklund évervakar berggrundskarteringen 4 kartbladet 
jderfors samt utfér stenindustriella specialundersdkningar i sédra Sverige 
th i Jamtlands kambrosiluromrade. Extrageolog (vid stenindustriundersék- 
ingar i sddra Sverige) P. H. Lundegardh. 


Statsgeologen G. Ekstr6m reviderar pa kartbladet Lund samt utfor 
ydrogeologiska specialundersékningar. 


Statsgeologen O. Odman utfbr malmgeologiska undersékningar inom 
orrbottens lin. 


Statsgeologen S. Hjelmqvist évervakar berggrundskarteringen pa kart- 
aden Avesta och Falun samt reviderar a det férstnimnda. 


T. f. museiférestandaren P. Thorslund utfér stratigrafiska undersékningar 
om Jiimtlands kambrosiluromrade. 


Geologen 8. Gavelin utfér malmgeologiska specialundersékningar inom 
asterbottens och Norrbottens lan. 


Geologen O. Kulling rekognoscerar 4 kartbladet Falun samt utfér vissa 
mpletteringar for berggrundskartan éver Visterbottens lin. Extrageologer 
kartbl. Falun: A. Klementsson, E. Ahman och J. Oster. 


Geologen W. Larsson reviderar berggrunden a kartbladet Varvik. 
Gruvingenjéren K. A. Barkenberg leder de gruvtekniska arbetena. 
Assistenten 8. Werner leder de geofysiska faltarbetena i Norrland. 
Docenten N. G. Hérner rekognoscerar 4 kartbladet Uppsala. 


I den man som beredskapshinsyn sa féranleda, kunna utvidgningar eller 
dringar av planen férekomma. 


GEOLOGIENS GRUNDER 


Dr NAIMA | SAHLBOM av professor Wilhelm Ramsay, 


3:e upplagan, omarbetad av P. Eskola 


peciallaboratorium Bror Asklund, G. Troedsson, M. Sau- 
ramo m. fl. 2 delar. Med 529 illustra- 
Tier tioner. 1931. 890 sid. Tva praktiga 
= arts- och Vatten- volymer i stort oktavformat. Till salu 1 
_ — varje bokhandel. Hiaftad kr. 24: —, i tva 
anely=er. klotband kr. 30: —, i tv& halvfranska 
ioaktivitetsmatningar m. m. band kr. 36: — 
Telefon 103372 Vetenskapliga och Litteriira Verk A.-B. 
| Stockholm 


sbergsgatan 13 Stockholm 


SVERIGES GEOLOGISKA UNDERSOKNINGS SENAST 


UTKOMNA PUBLIKATIONER ARO: 


Ser. Aa. Geologiska kartblad i skalan 1: 50000 med beskrivningar. 


178 Gavle av R. Sandegren, B. Asklund och A. H. Westergird 1939 
179 Forshaga av R. Sandegren och N. H. Magnusson ee ae 

180 Fard av H. Munthe, J. E. Hede och G. Lundqvist 1936 . 

181 Smedjebacken av G. Lundqvist och 8. Hjelmqvist 1937 . . . 

182 Lidképing av S. Johansson, N. Sundius och A. H. Westergard 1943 . 


183 Visby och Lummelunda av G. Lundqvist, J. E. Hede och N. Sundius 1940 4) 


184 Hedemora av G. Lundqvist och 8. Hjelmqvist 1941 . . 
185 Horndal av R. Sandegren och B. Asklund 1943 . 


©. Arsbok 35 (1941) 


N:o 438 Gdman, Olof H., Geology and ores of the Boliden deposit, Sweden. 


N:o 


>» 


Ser. 


With 48 plates. Laie 
439 Du Rietz, T., Nyare undersékningar inom Remdalens malmtrakt och 


dess omgivningar. Med 4 ‘taylor. 1941. 2. \2je Sy ee 
440 Sahlstrém, K. E., Jordskaly i Sverige 1936—40. Med en karta. 
Resumee: Erdbeben in Schweden 1936—40. 1941 ........ 


441 Sundins, N., Be Es a och skifferoljeindustri. 1941 . 

442 Westergard AL H. Skifferborrningarna i Yxhultstrakten i Narke 1940, 
Med 3 taylor. Kemiska analyser av G. Assarsson. Engl. summary 

443 Gavelin, S., Relations between ore rena te and structure in the 
Skellefte district. 1942 : 4. * ae 


Arsbok 36 (1942) 


444 Odman, O. H., Copper ores of the »Red beds» type from Visingsé, 
Sweden. 1942 ys ons. de aos ees y Stee ae 06 
445 Kulling, O., Grunddragen av y fjallkedjerandens bergbyggnad inom Vas- 
terbottens lin. Med 1 karta, 1942........... 
446 Lundqvist, G., Sjésediment och deras bildningsmiljé. 1942... . . 
447 Grip, E. and Odman, O. H., The telluride-bearing andalusite-sericite 
rocks of MAngfallberget at Boliden, N. Sweden. 1942 ...... 
448 Du Rietz,T., Kvartsitskollorna i Ormsjé-TAsjétrakten. Med en karta. 1943 
449 Hjelmqvist, Sven, Stribergs malmfalt. Geologisk beskrivning. Med 3 
tavlor. Dentsche Zusammenfassung . 9... 0. 3 =) )2.. 6 Sole 
450 Johansson, S., Soil consolidation. Soil-settling process 1943 ee. 
451 Brotzen, F., Die Foraminiferengattung Gavelinella noy. gen. und die 
Systematik der Rotaliiformes. Mit 1 Tafel. 1942. ........ 25 
Arsbok 37 (1943) 
452 Odman, O. H., Geology of: the copper deposits at Laver. N. Sweden 
with 2 plates. hs Pr, ees nn ero Se 
453 Hjelmqvist, Sven, Die Natronreiche Randzone des Granitmassivs nérd- 
lich von Smedjebacken, Ein Beitrag zum Studium der Granitbil- 
dunes? L945 ee ets See. Shs eee BEES oe eee LC 
454 Gavelin, Sven, On the distribution of metals at Ravliden, N. Sweden, 
and in some other copper-zine ores 1943... .... 
455 Thorslund, Per, Grinsen ordoviciumsilur inom Storsjéomradet j Jamt- 
land, Hing. summary 1945.9.) 5. so ke hrs pee oes eee ee | 
456 Larsson, W., Zur Kenntnis der alkalinen ultrabasischen Ganggesteine 
des Kalixgebietes, Nordsehwetlen +1943 0 5.5 Reases ee 
457 Lundqvist, G., Norrlands jordarter. Med 2 tavlor. 1943... . 
458 Wickman, F. E., A graph for the calculation of the age of minerals 
according to. the lead method. With one plate. 1944) 5.) =). same 1,( 
Ca. 


N:o 26 Granlund, E., Beskrivning till jordartskarta éver Vasterbottens lan 


Distribueras genom Generalstabens Litografiska Anstalt. 


nedanfér odlingsgransen. Karta i skalan 1: 300000. 1943 


Stockholm 1. 


SVENSKA 


DIAMANTBERGBORRNINGS AKTIEBOLAGET 
Stockholm 


utfor pa kontrakt 


Karnborrningar fér undersédkning av fyndigheter och bygg- 
nadsgrund 


Brunnsborrningar for anskaffning av vatten for stader, sam- 
hallen, industrier, sjukhus, hushall etc. 


Cementinjektioner fér tatning och férstirkning av betong- 
konstruktioner samt vattengenomslapplig berggrund 


tillverkar och forsiljer 
Craelius Karnborrmaskiner for borrhalsdjup till 2000 m 


Djupbrunnspumpar for uppfordring av max. 100 m vatten 
pr timme ur borrbrunnar 


PROSPEKTERING 
efter malm- olje- och andra fyndigheter 


genom geologiska, magnetiska, elektriska, gravimetriska 


och seismiska undersdkningar 


JORDDJUPSBESTAMNINGAR 


vid grundundersékningar for kraftverks- och andra bygg- 
nadsprojekt samt vid gruvfalt. Bestamningarna kunna 


utforas saval pa land som i sjoar och strémmande vatten 


AKTIEBOLAGET 
ELEKTRISK MALMLETNING 


Kungsgatan 44 Stockholm - Tel. 23 33 80 


Geologiska Féreningens i Stockholm Forhand 
med 4 hiften drligen. Prenumeration mottages genom Noy d 


handeln, Stockholm. 
Generalregister till 


Bd 1—31 4 20 kr. BA i1—b hake 
> 32 » 60 >» $+ ¢(6=100s Aas 
» 33—65 » 20 » >» 11-—21>6 » 


Lisa haften av alla banden till pris beroende p& hiftenas omfang. 

Medlemmar av Foreningen erh&lla genom skattmistaren de aldre banden 2 
lingarna och Generalregistret till hialften av det ovan upptagna bokhandelsp 
hiften limnas ej prisnedsdttning. (Styrelsens beslut d. *"/10 1922.) 


Geologiska Féreningens sekreterare, professor G. Troedsson, traffas i F 
angelagenheter i bostaden Bragev. 29, Djursholm, kl. 17—18, Tel. 552010. Efte 
kommelse per telefon kan sekreteraren ven traffas 4 Sveriges geologiska unde 
eller & Stockholms hégskolas Geologiska institut. : 


Féreningens ordinarie méten aga rum férsta helgfria torsdag i mana¢ rn: 
ari, mars, april, maj, oktober, november och december. Dagen for januarimétet bes 
decembersammankomsten. Anslag om féredragningslistan finnas minst 3 dag 
mantradet uppsatta pA anslagstavlorna 4 foljande offentliga institutioner: Stockholm 
Tekniska Hégskolan, Bergshégskolan, Jernkontoret, Sv. Geol. Undersékning, Staten 
Hydrografiska Anstalt, Statens Skogsférsdksanstalt, Skogshégskolan, Statens Jarnyagars ¢ 
niska avd., Statens vaginstitut, Lantbrukshégskolan, Upsala Univ:s Geolog., Geogr., ] 
och Vaxtbiol. inst. samt Lunds Univ:s Geol. och Geogr. inst. 
Personlig kallelse till sammantridena utfardas till ledaméter, som eh o1 
Hiftena utdelas sammantradesdagarna i januari, mars, maj och november. - 


Uppsatser, avsedda att inforas i Férhandlingarna, insindas till Foreningens s¢ 
Bragevigen 29, Djursholm 2. Atfdljande tavlor och figurer bora vara fullt - 


reproduktion, d& de jimte uppsatsen sandas, : 
I Forhandlingarna mi uppsatser — férutom p& skandinaviskt sprik — in 
gelska, franska eller tyska; dock vare férfattare skyldig att i de fall d& Styrelsen 
dant Snskvart bifoga en resumé pa skandinaviskt sprak. _ 
Manuskript, skrivet pi frammande sprak, skall vara granskat avy sakkunnig spr 
varom meddelande géres till sekreteraren. a 
Darest korrektionskostnaderna for inférd uppsats uppgd till mera an 16 kror 
tryckark, vare férfattare skyldig att erligga det Sverskjutande beloppet, sivida di 
till minst 10 kr. pr uppsats. 
Foérfattare erhfller gratis av inférda uppsatser 75 separat i omslag utan titel; 
ligare ex. samt ev. omslagstitel betalas av férf. Av notiser, anmalanden och foredy E31 


lamnas separat endast efter sirskild éverenskommelse. Si 
Referat honoreras s&lunda (Féren. beslut 7/12 1911): 
lista sidan eller del diray ....... efter 20 dre pr tryckrade 
2:dra_ > a! ea oa BAA fer) Sc > , A hae > 
3:dje > ee “| D) teatro dairy ale lg ., 2 Tee > 


Féljande sidor honoreras icke. 
Anmilan om féredrag géres i god tid hos sekreteraren. 


Ledaméternas arsavgifter, vilka enligt § 7 av Féreningens stadgar skola vara 
senast den 1 mars, insdndas till Féreningens skattmistare, Dr K. E. SAHILSTROM 
Geologiska Undersékning, Stockholm 50, till vilken Foreningens ledamiter “— 


insinda uppgifterom andringar av adresser och titlar. 

Arsavgiften utgér kr. 15: —, avgift sisom standig ledamot kr. 200: —. 
som under en féljd av minst 20 &r erlagt Arlig ledamotsavgift, kan bliva stindi 
mot en ayvgift av kr. 100:—. 


